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THE MARTIN NIGHT BOMBER 


THE MOST IMPORTANT AERIAL DEVELOPMENT 
OF THE WAR 


Officially, it has surpassed the performance of every 
competitor. 








The forerunner of the wonderful 


AERIAL FREIGHTER and 
TWELVE PASSENGER AIRPLANE 


The skill and ability of the HOUSE OF MARTIN con- 


tinue to maintain Supremacy of Performance and Depend- 
ability which they have held since 1909. 
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The rapid development of commercial 

airplanes and the success of Hall-Scott 

Airplane Engines conclusively demon- 

strate the value of these motors for 
mail carrying planes. 


Hall-Scott Motor Car Co. 


General Offices: Crocker Bidg., San Francisco ry 
Plant: Berkeley, California ge 
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Factory 


The experimental age of the airplane has 
been passed. With its part in the war now a 
bright epoch in history, the airplane is going 


to create history in the world of commerce. 
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THE FUTURE OF FLYING 
DEPENDS ON RELIABILITY 


A telegram from Captain Alcock 
and Lieutenant Brown reads : 


‘“‘Congratulations on performance of 
the two Eagle Rolls-Royce engines 
which propelled the Vickers Vimy 


safely across the Atlantic.”’ 


ROLLS-ROYCE AERO ENGINES LIKE ROLLS-ROYCE CARS 
THE BEST IN THE  WORLe 
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Propellers of Walnut 


Let us talk to you about Walnut propellers from 
the log to the finished propeller blade. 


HARTZELL WALNUT PROPELLER CO. 
PIQUA, OHIO 
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UBSTANTIAL and remarkable are the 


achievements of Goodyear balloon men. 


Since nine years ago they have built a total of 
more than eight hundred balloons of all types, 
including spherical, kite and dirigible. 

In gas capacity, these “ships of the air” in- 
clude even those enormous bags that contain 
up to one hundred and seventy thousand cubic 
feet. 

During the world war, more than one half of 
all the balloons purchased by the government 
were Goodyears. 


Goodyear balloons have traveled more than 
two hundred thousand miles during the last 
two years, while carrying thirty-six thousand 
passengers— without a single fatality. 


Due then to these achievements, it is only 
natural that Goodyear men have become bal- 
loon designers of unquestioned competence. . | 


We are prepared to submit plans and specifi- 
cations for any type of balloon desired—from 
the smaller sizes to the huge Ocean liners. 


Balloons of Any Size and Every Type 
Everything in Rubber for the Airplane oe 
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RY to revolve a tapered stopper in 

a bottle while pressing inward. 

The harder you press, the harder it 
turns, because of the wedging action with 
its resultant friction. 


Repeat this operation with the ball bearing I ai SN 
e ° ° NYY TN NYS \ \ 
illustrated, holding the outer member in one NK WIRE 
° ° . i\\? \ " ) A) AX 
hand and rotating the inner member while AISA 
pressing inward as before. . 


You find that the ease of rotation is not 
impaired by the end thrust. The ball bearing 
turns quite freely, for the New Departure angular 
contact bearing absorbs end thrusts without wedging 
action and its consequent frictional drag. 


The ball type is the only form of bearing which 
resists these end-on loads in modern machinery with- 
out loss of power due to the friction of wedging. 
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HE first non-stop flight from America to Europe, 

over a course measuring 1936 land miles—a new 

world’s distance record—marks another stepping 
stone in the annals of aviation. This splendid perform- 
ance, achieved by Captain Aleock and Lieutenant 
Brown in just under sixteen hours flying time, has a 
significance beyond the mere sporting character of the 
event. 

Viewed as a pioneer performance, it recalls the first 
flight across a body of water, Bleriot’s crossing of the 
English channel, in 1909, and thus enables us to gain 
a true perspective of the enormous improvement air- 
craft have undergone during the last ten years. While 
progress has outwardly been most notable by the in- 
crease in size and performance of airplanes, this has 
come about without any radical alteration in the gen- 
eral design of heavier-than-air craft. The disposition 
of wings, the truss, the fuselage, the control surfaces, 
the landing gear, while constructionally simplified, re- 
main in general outlay what they were ten years ago. 
What has really improved, is the design and construc- 
tion of aerofoils and aircraft engines. 

The development of both these fundamental factors 
of heavier-than-air craft has proceeded in two channels: 
reliability and efficiency. In the matter of aerofoils the 
pursuit of reliability has resulted in inherent stability, 
that is, stability achieved without the aid of external 
mechanical agents, while greater efficiency manifests 
itself in the high wing loadings modern aerofoils with- 
stand without impairing the structural strength or 
maneuvering ability of the airplane. In aircraft en- 
gines the greatly increased reliability is best demon- 
strated by non-stop flights of many hundred miles, 
sometimes a thousand and over, while low initial weight 
and low fuel consumption illustrate the progress accom- 
plished in the matter of efficiency. The transatlantic 
flight from Newfoundland to Ireland was, in particu- 
lar, a brilliant demonstration of engine reliability, al- 
though this detracts naught from the merit of the 
human element involved—the endurance, pluck and 
ability of both pilot and navigator. 

What the transatlantic flight of the Vickers airplane 
particularly emphasizes is the very great importance the 
navigator holds in flights over great stretches of water; 
and it proves that an airplane can follow a set course 
across the ocean without requiring the assistance of 
marking vessels or other points of repair. The use of 
directional wireless will, when this science which is still 
in its infancy is better developed, make aerial ocean 
crossings no less reliable than a steamship passage; 
for the time being, however, it is gratifying to note 





that an airplane can safely be navigated across the 
ocean by reference alone to the heavenly bodies. This 
is perhaps the most important contribution Alcock and 
Brown have made to the science of aeronautics by their 
historie flight. 





Screw Propeller Theory 

It is most irritating to a propeller designer to be 
asked from time to time whether he has now reduced his 
design work to a logical system or whether he is still 
using empirical cut-and-try methods, building a num- 
ber of propellers and testing them in the air till he 
hits on the best one. It is irritating because he has to 
confess that he is indeed still using theoretical methods 
and that the result of his experience consists merely in 
collecting a number of empirical constants, which, ap- 
plied within narrow limits to propellers of a certain plan 
form and pitch, will give him fairly good results. 

After the great amount of both experimental and 
theoretical work carried out on propellers such a reply 
seems rather surprising. But it must be considered 
that a great many factors enter into the problem. -Lan- 
chester and Drzewiecki in 1909 first conceived a rational 
theory in which they assumed each blade element of 
the propeller as constituting an aerofoil, which’ the 
combined velocity of rotation and translation met at a 
given angle of incidence made easily determinable 
geometrically. 

riven the combined or resultant velocity and the 
angle of incidence and the aerodynamic constants of 
the blade element considered as an aerofoil, it would 
appear an easy matter to determine the lift and drift 
on the blade element, and hence the thrust and torque 
components. By a simple process of integration torque 
and thrust for the entire blade might be easily found. 

But unfortunately this theory errs on the side of 
simplicity. The air does not meet the propeller at a 
speed equal to that of the airplane; it has and this 
has been demonstrated experimentally a velocity relative 
to the screw larger than the velocity of advance. We 
could modify the Drzewiecki theory to take care of this 
velocity of inflow, but we do not know its amount. At- 
tempts to calculate its amount mathematically remain 
to be verified experimentally. 

The complexity of the problem renders almost value- 
less wind tunnel experiments conducted without suffi- 
cient theoretical basis. But a theoretical basis is diffi- 
cult to establish without wind tunnel experimentation. 
It would seem as if there was an extraordinarily large 
field still to be explored before propeller design becomes 
a simple thing to the aeronautical engineer. 











In the present article the fundamental principles of wireless 
transmission will be stated in a simple elementary form, and 
the application of this invention to air navigation will be par- 
ticularly considered with special reference to its use for com- 
munication between airplanes and radio stations on the ground. 

Radio Waves 


If we have two conductors, A and B, and we assume that 
they are perfectly insulated, without any contact with the 
ground, then if an alternating current passes through A we 
observe at B the presence of an electric current of the same 
nature as that at A produced by induction. 

If the conductors, A and B, are connected together by 
means of a third conductor, C, part of the energy from A is 
transmitted to B through induction and part is transmitted 
through C by conduction. 

If we assume that A is a point of the earth where an elec- 
trie current is produced and interrupted by means of some 
special arrangement, and if we have at another point B an 
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arrangement similar to that at A, we shall be able to detect at 
B an electric current of the same nature as that produced at 
A, and this will be due to radiation through the air and to 
conduction through the earth. 

The electric phenomenon at B will last only as long as the 
current lasts at A, and the intensity of it will depend on the 
form of the conductor at A and B, on the nature of the ob- 
stacle between the two points and on the frequency of the 
eurrent produced at A. This is a wireless transmission of 
energy through space, of which wireless telegraphy is only a 
particular form. 

The transmission of energy from A to B through the air is 
accomplished by the formation of electric and magnetic waves 
which we will consider more in detail later on. 

Physically speaking, a wave is defined as a cyclical change 
taking place in a medium, which is periodic in space as well 
as in time; or, in other words, it means that each particle of 
the medium performs some motion or experiences some change 
which is repeated over and over again, all particles performing 
the same motion or experiencing the same change in succession, 
but not all simultaneously. Thus, for instance, a surface wave 
on water is caused by the particles of water rising and fall- 
ing periodically, so that, along a certain line, the particles 
perform this motion successively. 

At regular intervals, however, along the same line will be 
found particles, which are in the same phase of their motion 
at the same instant. These are said to be separated by one 
wave length. The wave length, therefore, is the distance com- 
prising one set of particles in all possible stages of their 
periodic motion. The time in which the cyclical change takes 
place is called periodic time. 

The sudden release of an electric tension at one place is 
felt after a time at regions far removed from it. If this 
phenomenon be considered more closely, it will be found sim- 
ilar in all respects to the effeet produced upon the surface 
of still water when we make a sudden depression at one point 
as by throwing a stone into it. We have then a depression of 
water level at the point of impact succeeded by elevation, 
and we have water motion set up as the result of these changes 
of level, when the water moves up or down. 

The change of level corresponds to the electric tension and 
the water motion to the magnetic flux. Change of water level 
results in the production of motion in the water, and motion, 
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by virtue of inertia, results in the production of change of 
level, just as in the dielectric change of electric strain results 
in the production of magnetic flux, and change in flux pro- 
duces electric strains. 

The mechanism by which radiotelegraphic waves are trans- 
mitted is not wholly an electric space wave in the ether, but 
partly in the nature of a surface wave transmitted along the 
earth surface. Thus, radiotelegraphic signals can be trans- 
mitted over long distances without any high or elevated re- 
ceiving antennae, although these signals are much weaker than 
when a high elevated receiving antenna is used. 

As far back as 1901, Marconi received signals at Poole 
sent from the Isle of Wight, by connecting his receiving ter- 
minals to an earth plate and to a large zine cylinder standing 
on a chair. J. A. Fleming made use of a zine dustbin to re- 
ceive signals in London that were sent out from Paris. 

In every case a receiving apparatus is needed with one 
terminal connected to a good ground, and the other to some 
conductor having sensitive capacity with respect to the earth. 

Oscillating Circuit 

The main feature of both the receiving and the transmitting 
arrangement of a wireless station is the oscillating cireuit. 

The simplest oscillating cireuit is composed of a condenser 
and a bobbin, having each of its ends connected with one of the 
two plates of the condenser. If before connecting the bobbin 
to the condenser, we charge one of the plates with a positive 
charge, and the other plate with a negative charge, as soon as 
the two plates are connected together by means of the bobbin, 
an electric discharge from one plate to the other will take place 
through the connecting bobbin. <A current passing through 
the bobbin creates a magnetic flux all around the bobbin, and 
the intensity of the current reaches a maximum at the end of 
the discharges at A (See Fig. 1). 

When the condenser is discharged, the magnetic flux will 
give rise to an electric current of decreasing intensity flowing 
in the same direction as the previous one, Just as if it was 
a continuation of the electric current generated during the 
discharge of the condenser, reaching zero intensity at B, where 
the magnetic flux disappears. The current from A to B re- 
charges the condenser with a new charge but reverses the 
polarity of the charge. C and B is a half wave. From IF 
onwards the cycle is repeated all over again, but at B the 
polarity of the condenser is the reverse of that it was at O, 
and consequently the direction of the current in the other half 
wave, B © D, will also be reversed. O D is ealled a wave 
length, and is the measure of the duration of a complete 
oscillation. The time of the other ensuing oscillations is the 
same as the first, but the amplitude is always decreasing, owing 
to the transformation of electric energy into heat. 

The phenomenon is of the same nature as that produced by 
the oscillation of a pendulum in the air. Also in this case we 
have the same duration of oscillations and a decreasing ampli- 
tude due to the air friction. 

Frequency of oscillation is the number of oscillations per 
second. All the oscillations produced by a discharge, with 
subsequent recharges and discharges of the condenser, is called 
a train of oscillation or wave train. 

At each spark produced on the transmitting apparatus of 
a wireless station, a train of electric oscillations is produced 
and a number of magnetic waves is transmitted through the 
air; the intensity of the magnetic flux being proportional to 
the intensity of the current and to the self-induction of the 
oscillation circuit. 

The duration of an oscillation is given by: 

T = K\V/LC 
where: 7 = time (in the order of magnitude of millionths of 
a second), L = coefficient of self-induction, C = capacity of 
the condenser, and K = constant. 

3y varying the number of turns in the bobbin or by varying 
the capacity of the condenser, we automatically change T. 
This is the basie formula on which the regulation of apparatus 
for radio transmission is based, and the regulation is obtained 
by varying the capacity of the condenser by a relative motion 
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of the two plates (see Fig. 2), and by varying the number of 
turns in the bobbin inserted into the cireuit, by displacing the 
contact, A, between point 1 and 5. 

On an airplane, the mass of the airplane itself constitutes 
one of the two plates of the condenser, the other plate is made 
up by the antenna. A 

The bobbin is made up by the antenna, and it is around the 
antenna that Hertzian waves are produced and transmitted 
through the air every time a wave train is produced in the 
oscillatory circuit (airplane and antenna). 

The charging and discharging of the condenser may be 
obtained by means of an alternator driven by a propeller (See 
Fig. 3) having one terminal connected to the airplane body, 
and the other to the antenna, and by a star-shaped metallic 
dise inserted on the alternator shaft, and adjusted straight 
opposite to a metallic sphere placed at one end of the antenna. 
Every time a point of the star comes near the antenna, a spark 
is produced and a discharge of the condenser takes place 
which is recharged by the alternator and discharged again 
when the next point of the star-shaped dise approaches the 
antenna again. A wave is produced at every discharge of the 
condenser, and Hertzian waves are radiated from the antenna 
into the surrounding air at a veloeity of about 1000 millions 
of ft. per see., which is the same as the velocity of light. 

The wave length is obtained by multiplying 7 by 1000 
millions of ft. per sec., and if 7 is reckoned in thousands of a 
second, the length of a Hertzian wave is measured in thousands 
of feet. 

Evidently, by varying T after the fashion described above, 
we can vary the wave length accordingly. It can be proved 
that the length of magnetic waves obtained around airplane 
antennz is nearly three times the length of the antenne, and 
the length of magnetic waves obtained around antenne on the 
ground is evactly four times the length of the antenna. 

When we have a receiving apparatus and a transmitting 
apparatus, the oscillations produced in the receiving cireuit are 
the same length as those produced around the transmitting 
antenna, 

Receiving Apparatus 


The simplest form of a receiving antenna would be a vertical 
wire with one end projecting into the air, and the other end 
connected to the ground. The oscillating cireuit in this case 
is made up by a condenser with the two plates (antenna and 
ground) permanently connected together, and a bobbin (the 
projecting wire). 

When a magnetic wave strikes the receiving antenna, the 
condenser is charged and then discharged. This will produce a 
series of electric oscillations on the antenna, which are called 
fundamental or natural oscillations of the receiving oscillating 
circuit, having a duration: 

T.=KVvVL,C, 
depending on the values of the coefficient of self induction of 
the antenna, and the capacity of the condenser made up by 
the antenna and the ground. 

Besides this, we shall have on the receiving cireuit a series of 
forced or constrained oscillations of a duration equal to that 
of the transmitting antenna: 


T=Kv LC 
If, by the use of some suitable arrangement, we can have 
T = T,, the amplitude of both the free and the forced oscilla- 


tion will combine, and a stronger electric current will be de- 
tected on the receiving apparatus. In this case we say that 
the transmitting and the receiving antenne are in syntony. 

The phenomenon can be better explained by means of a 
mechanical illustration. If we have a metallic wire stretched 
between two points and we apply a blow to the wire, this 
will start vibrating and the number of vibrations per second 
will depend on the length and the section of the wire, and is 
called the natural period of vibration of the wire. If, while 
the wire is vibrating, we apply a number of light blows to it, at 
regular intervals, we shall create another set of vibrations 
which are called forced vibrations. 

If the natural period and the foreed period of vibration are 
equal, we shall find that the amplitude of the oscillation as 
determined by the first blow, which set up the wire vibrating 
is increased by the super-added forced oscillation and the 
result is a natural vibration of the wire of a larger amplitude. 
is inereased by the super-added forced oscillation and the 
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receiving antennw are syntonized. If A is the receiving an- 
tenna (See Fig. 4) which is connected to a bobbin B of variable 
induction, having one of the movable plates of the adjustable 
condenser J’ and the other plate connected to the ground, as 
soon as a current passes through the antenna a magnetic field 
is created all around B, 

If we place right in front of B another bobbin C the mag- 
netic waves originated at B will set up electrical oscillations at 
C which reach the telephone EF after passing through the 
detector D. The detector D only allows a current in one 
direction to pass through or, in other words, the current pass- 
ing through the detector may be represented by the upper part 
only of the eurve shown in Fig. 1. This can be accomplished 
in various ways. 

One way would be to use a detector made up by a metallic 
point on contact with a crystal of carborundum. The current 
in this ease can pass from the point to the crystal, but not 
from the erystal to the metallic point. In this way we have a 
current in one direction only reaching the telephone when a 
wave train is produced. 

The diaphragm of the telephone is attracted by the first half 
wave O A B (See Fig. 1) and remains in that position with- 
out being affected by the subsequent half waves of the same 





A 
G 
iF 
Fia. 3 Fig. 4 


train of oscillation because the interval of time separating the 
first from the others is so extremely small that the inertia of 
the diaphragm will prevent any vibration between the begin- 
ning and the end of a train of oscillation. The diaphragm will 
return to the position of rest in the interval between the first 
and the second wave train and will be attracted again by the 
first half wave of the second train of oscillation, and so on. 
Thus, the diaphragm is set vibrating by every wave train 
reaching the antenna, and the pitch of the ensuing sound will 
depend on the number of waves radiated from the transmitting 
apparatus, which again depends on the number of points in the 
star-shaped metallic dise shown in Fig. 3. So that, by using 
dises having a different number of points, on as many types of 
airplanes we can recognize at the station on the ground which 
airplane is signalling. 
Syntonization 


Fig. 4 shows the receiving antenna A connected to the 
ground by the intermediary of a bobbin B and an adjustable 
condenser /'. By varying the number of turns of the bobbin 
inserted in the cireuit, which is accomplished by manipulating 
the contact G, by reducing or increasing the surface of the two 
condenser plates facing each other, we vary the wave length 
of the receiving antenna until we reach a certain point at which 
we have the clearest articulation of the sound in the telephone. 
At this stage, the wave length of the transmitting antenna and 
the receiving antenna are equal, and we have reached the point 
when we say that the two antenne are syntonized or coupled 
together. 

The intensity of the current produced by the Hertzian waves 
reaching the receiving antenna varies inversely as the square 
of the distance between the transmitting and the receiving 
stations. The intensity of the current generated by the natural 
oscillation of the receiving oscillatory circuit has a definite 
value and is not affected by the distance between the two 
stations. 

Consequently, if the signaling airplane is far away from the 
receiving station, the reinforced articulation of the sound 
obtained by syntonizing the two antenne is quite effective, and 
it is easy to determine the point at which the wave length of 
both the free and the forced oscillation of the receiving antenna 
are nearly equal. 

If, on the other hand, the signaling airplane is very near to 
the receiving station while the operator is trying to syntonize 
his antenna with the transmitting antenna, the intensity of the 














current produced by the magnetic waves reaching the receiving 
station is so great and the reinforcing effect produced by the 
natural oscillation of the receiving oscillating circuit is so small, 
that it is hardly perceptible to the ear of the operator, who 
obtains an equally strong articulation of sound through his 
telephone whatever the position of the condenser plates and 
whatever the number of turns of the bobbin inserted into the 
oseillating cireuit. In this case the operator can hardly know 
if he has succeeded in syntonizing his antenna with the trans- 
mitting antenna and is apt to get mixed up with other stations 
signaling at the same time. 

In order to obtain the best results it is necessary, while the 
operator on the ground is syntonizing his antenna with the 
sending station (which takes two or three minutes at least), 
that the airplane shall remain at a distance of at least 5000 ft. 
and not more than 10,000 ft. from the receiving station; and 
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that the airman shall endeavor to keep at the same distance 
from it, throughout that period, by flying round the antenna on 
a plane perpendicular to it; always keeping the same direction 
and avoiding to make sharp curves which would distort and 
affect the length of the trailing antenna. 

During the period of tuning the receiving station, the opera- 
tor on the airplane will keep on sending the same signal and, 
when the airplane starts off on its appointed mission, he will 
keep on sending the same signal at regular intervals of time, 
so that the operator on the ground may gradually make the 
necessary corrections in the coupling of the two stations, which 
is affected, to a certain extent, by their distances from each 
other, for the following reason. 

If the receiving station shown in Fig. 4 is well tuned with 
the sending station on an airplane having a wave length of 
300 ft., with a given position of G and F’, we obtain a maximum 
intensity of sound in the telephone, and let this be represented 
by the ordinate HL of curve H in Fig. 5—If, at the same time, 
we have two more airplanes signaling with wave lengths of 
600 and 900 ft. respectively, we shall hear them at the same 
time with an intensity represented by the ordinates WL and 
NL. If we inerease the distance between the bobbins B and 
C, we decrease the intensity of the articulation of the sound in 
the telephone which can be graphically represented by dis- 
placing the axis O to the position O’. In this case the ordinate 
HL becomes HL’. In this new position of the two bobbins 
(of the antenna circuit and the telephone circuit), the airplane 
signaling with a wave length of 300 ft., which is well syntonized 
with the receiving antenna, is heard with a much weaker in- 
tensity by the operator of the station on the ground but it is 
heard alone. This shows that a good coupling of the two 
stations must always be a weak one. 

Now if, while the airplane is flying round the antenna at a 
constant distance from it, the operator on the ground regulates 
his instruments in such a way as to obtain a weak coupling, 
then when the airplane flies away the operator on the ground 
may lose him altogether unless he sends his signal at regular 
intervals. On the other hand, if the observer on the airplane 
sends out the signal regularly as the distance from the re- 
ceiving station increases, the operator on the ground, by gradu- 
ally decreasing the distance between the two bobbins B and C 
(Fig. 4), can compensate for the increased distance, thus keep- 
ing the same articulation of sound that he started with. It is 
quite evident that, with a weak coupling of the receiving and 
the signaling stations (which is essential as we have shown 
before to avoid interference with other stations using different 
wave lengths), an observer signaling while he is flying very 
near to the station on the ground, (see curve P Fig. 5), is apt 
to interfere seriously with the signaling going on between some 
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other airplane and the station on the ground, because the in- 
tensity of the sound thus produced on the telephone would 
drown all other sounds, whatever the wave length of his send- 
ing apparatus without the operator on the ground being able 
to shut him off. 

This may be useful sometimes, because an airplane flying 
at a short distance from a wireless station on the ground ean 
convey to it an urgent message (for instance it can give timely 
warning of an impending attack) without its antenna being 
tuned to that of the station, but exeept for emergency cases 
like this the practice of signaling while being too close to the 
receiving station on the ground should be earefully avoided. 


Telephone Circuit 


The telephone cireuit is, in point of fact, somewhat more 
complicated than was shown in Fig. 4. In Fig. 6 we show the 
bobbin B of the antenna cireuit as shown in Fig. 4, and also 





the bobbin C the number of turns of which inserted into the 
circuit can be varied by manipulating the contact H. In the 
cireuit, besides the telephone E and the detector D, we have 
the adjustable condenser L with movable plates, and the switch 
M. When the switch is open, the condenser is shut off the 
cireuit. When the switch is closed, we create in the telephone 
cireuit an oscillatory circuit similar to the antenna oscillatory 
circuit. 

Now, by syntonizing these two oscillatory circuits, we in- 
erease the clearness of the articulation in the telephone and 
consequently, we can increase the distance between B and C. 
In other words, push up still further the line O' shown in Fig. 
5 for the same minimum intensity of sound needed by the 
operator to enable him to pick up the message in the telephone. 
This, for the reasons explained before, will still further re- 
duce the chances of being interfered with by other airplanes 
while communicating with some particular machine the process 
being as follows. 

First, the operator places the bobbins B and C close to- 
gether, so as to be able to hear all the airplanes signaling at 
the same time and pick up the one that he wants.. While doing 
this, the switch M is left open. When he has found the ma- 
chine he wants to keep in touch with, he first syntonizes the 
antenna circuit of his station with the signaling station, in the 
way deseribed before. By doing this the clearness of articula- 
tion in the telephone is inereased and he ean increase the dis- 
tance between the bobbins B and C until he obtains the mini- 
mum articulation of sound needed, 

After this, the switch M is closed and telephone cireuit 
is converted into an oscillating circuit. By conveniently ad- 
justing the plates of the condenser L, and by varying the 
number of turns of the bobbin C inserted into the cireuit the 
articulation on the phone is inereased again, eventually reach- 
ing a maximum when the oscillating telephone circuit is 
syntonized with the antenna oscillating cireuit. This will allow 
a further increase of the distance between B and C until the 
intensity of sound in the telephone is brought down again to 
the minimum needed, and, this further reduction of the ampli- 
tude of the sound waves striking the telephone, will still 
further reduce the chances of being interfered with by other 
planes signaling at the same time with waves of a different 
length. 

All these operations can be accomplished more quickly by 
using two sets of calibration curves prepared beforehand for 
the antenna and the telephone oscillating cireuits. Each of 
these sets will give a number of curves corresponding to the 
different positions of the adjusting contact of the tuning coil 
for any position of the condenser plates, and also for each 
position, the corresponding wave length. After these curves 
have been established for the two cireuits, if the operator on 
the ground knows the wave length of the sending station on 
the airplane he wishes to communicate with all he has to do is 
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to put the contacts of the tuning coils and the movable con- 
denser plates of the two oscillatory circuits (antenna and 
telephone) in the positions corresponding to the given wave 
length, as shown by the calibration curves of the two circuits. 
In this way the syntonization of the oscillatory circuits of the 
sending and the receiving stations is automatically accom- 
plished without any loss of time. 

In order to obtain a sufficiently clear articulation of the 
sound in the telephone of the receiving station without inter- 
fering appreciably with other airplanes signaling at the same 
time, the waves length of the sending station on the airplane 
concerned, must differ by at least 15 per cent from the wave 
lengths of the stations on other planes signaling at the same 
time. Up to this limit, experience shows that while the opera- 
tor of the receiving station can hear several stations signaling 
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simultaneously, he can always listen to the station syntonized 
with his antenna without being distracted by other sounds 
reaching his ear at the same time, which are too faint to pro- 
duce any appreciable interference. 
Oscillating Circuit of the Sending Station 

When we described the sending station shown in Fig. 3, it 
was said that the wave length is about three times the length 
of the antenna. By inereasing the length of the antenna we 
increase the wave length, and we also increase the intensity 
of the magnetic waves radiated by the antenna. The reverse 
happens when we decrease the length of the antenna. An an- 
tenna cannot be less than 100 ft. long and cannot be longer 
than 250 ft. because, in the first case, the intensity of the waves 
radiated is too small, and, in the second ease, the antenna is 
subject to breaking due to the sharp movements of the airplane 
during flight. 

In order to realize wave lengths of more than 750 ft. we 
must use a more complicated arrangement than that shown in 
Fig. 3. In Fig. 7, A represents the airplane body, B and K 


two bobbins in series. The second of these is ealled a vario- ° 


meter and, by means of the adjustable contact 7, the number 
of turns inserted in the cireuit ean be varied.- L is an ampero- 
meter, and M is the antenna. Opposite to the antenna circuit 
is the oscillating cireuit set up by the bobbin C, with the ad- 
justing contact D the condenser F’, and the alternator H. E 
is the star-shaped dise shown in Fig. 3, and G is an ordinary 
telegraph key. The oscillating cireuit is calibrated before- 
hand by means of graphs, as described before, so that the con- 
tact D is placed in one position or another according to the 
desired wave length. 

The syntonization of the oscillating cireuit while flying is 
accomplished in the following way: 

The cireuit is kept closed by pressing on the sender G and, 
at the same time, the contact J is displaced until a maximum of 
current is registered by the amperometer ZL. When this maxi- 
mum is reached, the oscillating cirenit and the antenna circuit 
are in syntony. This arrangement has the advantage of making 
it possible to realize wave lengths of between 1000 and 1500 ft. 
with an antenna 100 ft. long. With this arrangement, however, 
part of the energy generated by the alternator is absorbed by 
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the bobbins B and V, which naturally restricts the length of 
the waves produced. Longer waves could be obtained by in- 
creasing the sizes of these bobbins, the result being a larger 
absorption of energy by the bobbins and corresponding de- 
crease in the energy radiated by the antenna for the same size 
of alternator used on the airplane. 

With sending apparatus ot the simple type shown in Fig. 3 
(bearing in mind what has been said above regarding the 
minimum difference of 15 per cent needed between the wave 
lengths of several sending stations, in order to avoid confusion 
of sounds in the telephone of the receiving station), five ma- 
chines can communicate with different wave lengths up to 1000 
ft. long with the same receiving station. For this purpose the 
operator will have to vary the coupling of his station so as 
to syntonize his antenna with one of the five sending stations 
at a time, when the others will be heard so faintly as not to 
interfere with his receiving the message. 

With sending apparatus of the type shown in Fig. 7, eight 
airplanes signaling with wave lengths up to 1500 ft. can 
communicate with the same station on the ground. Evidently, 
in order to obtain results under these conditions it is of pri- 
mary importance to have the calibrating curves referred to 
above, carefully prepared, and the observers on the signaling 
airplanes must strictly follow the rules laid down for avoiding 
confusion at the receiving station. 

Installation of a Receiving Station 

Receiving stations for wireless communication with airplanes 
must be well protected from the enemy’s fire and from the 
noise of the guns which would prevent a clear articulation of 
sounds in the telephone. If the station cannot be set up very 
far from the firing line, the instruments must be placed in a 
sufficiently dry underground room, and several antenne# must 
be provided, each of which can be successively and quickly 
attached to the cireuit in case one should break. 

It is very important to protect the box containing the in- 
struments from the damp which would produce a dispersion 
of energy, and, when this cannot be done, great care should 
be taken to dry the box by enclosing it in a box containing 
quicklime, or by using any other appropriate means of ab- 
sorbing humidity. 

The antenna should be placed as far as possible from houses, 
trees and all obstacles which would absorb the magnetie waves 
and the end of it connected to the receiving station must be 
thoroughly insulated. At the other end, the connection with 
the ground must be as good as possible and the wire connect- 
ing the receiving box with the ground must be thick and short. 
Whenever a new station is installed or a new antenna of 
different dimensions is substituted for a broken one, a set of 
calibration curves for syntonizing the receiving station prompt- 
ly with different sending stations signaling with different wave 
lengths, must be prepared and attached to the box containing 
the instruments. If, on the other hand, all the antenne are 
of the same length, shape and diameter, one set of curves can 
be used for all of them. 


Book Review 


ArrcRAFT IDENTIFICATION Book. By R. Borlase Matthews 
& G. T. Clarkson (Crosby Lockwood and Son, London. 
118 pp.) 

Few publications undertake to serve as a guide to aircraft 
identification and this is probably the most complete collection 
published. The small amount of American material described, 
however, makes it far more useful for the identification of 
European designs. It may be used to a certain extent by pilots 
or experienced engineers to obtain a general impression of the 
main characteristics of the machines it contains. 

The difference in two machines of the same type is generally 
so slight that the material included is perhaps inadequate for 
an inexperienced person to identify, with assurance, a machine 
in flight, but it does all that ean probably be done at the present 
moment in view of the great number of different types of air- 
craft. In the series are included side and front views, as well 
as details of tail surfaces. Each machine is accompanied by 
a brief description. The classification is very good and oceurs 
under the following headings: (I) Airplanes (except Sea- 
planes) ; (II) Seaplanes; (III) Airships; (IV) Relative ranks 
of the services; and (V) Numerical classification of airplanes. 











Bids and Specifications of Mailplanes 


The accompanying table gives detailed specifications of the 
mailplanes bidded for by various manufacturers at the eall 
of the Post Office Department. The widest latitude in econ- 
struction and design was allowed in the specifications for 
tenders in order to get the type of airplane required for mail 
carrying but it was demanded that the machines should be 
able to carry not less than 1,500 lb., and if possible 1% tons, 
of mail, have a eruising speed of from 90 to 100 m.p.h., a 
high speed of from 110 to 115 m.p.h., a eruising radius of 
6 hr., and a service ceiling of 15,000 ft. The need of the 
lowest possible landing speed was emphasized. 


The power plant was to consist of two, three, or more 
engines, connected on one shaft or mounted in wing nacelles 
or in the fuselage, each engine to be equipped with independent, 
and as far as possible dual gasoline, oil, and ignition systems. 
[f the engines are mounted in wing nacelles, they must be 
safely accessible to the mechanic so he may effect minor repairs 
in the air. If Liberty or Hispano-Suiza engines are used the 
Post Office Department will furnish the engines. 

The specification for tenders were the result of a symposium 
of views of pilots, aeronautical engineers and airplane me- 
chanies 


BIDS AND SPECIFICATIONS OF MAIL PLANES TENDERED TO THE POST OFFICE DEPARTMENT 

















Laws | 
‘ Thomas Laurence | Aero- Airline | British & 
Unit Con- Morse Aircraft Gallaudet Lewis Alfred W L-W-I marine een G. Elias | Glen L. | Colonial | Charles B 
Company .....| struction Aircraft | Engineering | Aircraft | Aeroplane Lawson | Engineering Cory Plane and | ot tion| & Bro. | Martin | Aeroplane | Kirkland 
Co. Corp. Corp. | Corp | Co Motor Co Co I Co. | Co. | 
} | oO 
1. 2 4. 6 7 8. 9 10 11 13. 14 mae 12. 
H K } 
Upper | 76’9-11/32” | 466’ 66’ 76’ 76 100’6” 105 100 909 106 715 81'8” 67'3”" 
Span { Middle | 80 ‘ 
Lower | 76’9-11/32” | 46'6’ 66 76’ 76 1006 105 88 90'9 77’ 715’ 81'8” | 67'3” 
— memes ase mm oe a — 
Length 409-5 /8” | 266” 42’2” 48'6 49 5010’ 56'9-1/2” 558 49'9-1/2” | 48'6” 44/10" 516” | 43'5”’ 
Height 14’9-5/16” 109" 20’ 18’ 16’ 16’9 176 18 14’6” 19’ 14’°7” 20'8” 13’-15 
Upper ae | me ‘ 13 ; | 
Chord { Middle | 9/1-3/4” | 8’10” 73" | 12’ 13 10’6” 11’ 12 99 710” 86’ not known 
Lower athe | | 10’ 
Gap 89-7 /32” 6'3" 84’ 13” 9'6 10’3” 11’ 10’ 96 11 86 | 
| | variable | not known} none 
Dihedral none 2 5° lower | none reverse yes 2° lower 2 1-1/2 i | none yes 1-1/2 
outer panel | 
Stagger none | none none none 4.0 none not none none none none none 
Sweepback none none none none none ves none none f none } none yes none 
- — = = - 
} 
| | R.A.F. 3 
: | : | upper | 
Wing curve unknown R.A.F. 15 Sloane R.A.F. 15 Laurence2) U.S.A.5 | U.S. 6 inknow! S.5 R.A.F. ¢ R.A.F. 15 | not known! R.A.F. 15 
lower 
Wing area, t 
sq. ft. j 1378 750 1500 1740 1700 2220 2200 2225 1672 2044 1070 1905 1030 
3 Liberty | 2 Hispano 12 AEC | 2 Liberty 2-300 } Hispano 4 Liberty | 3 Liberty 
Engines, type | 12's | 300’s tyre | 12’s 2 Liberty | 3 Liberty | 3 Liberty | Hispan 3 Liberty | 2 Liberty | 300’s 2 Liberty | 12's 6's 
and arrange- | 2 tractors | 1 tractor fee v= 2 geared 12’s 12’s } tractors | 1 tracto 12's 12's 2 shafts to| 12's 2 pushers | geared 
ment 1 pusher 1 pusher hs mad fuselage } tractors 1 pusher } tractors wing 2 tractors | 480 hp. 
opposed PE " tractors | pposed props opposed total 
Weight, fully | 12.000 
loaded (Ib 13,137 | 5,698 9,000 | 13,000 to 14,880 18,500 15,750 12.101 15,700 0.456 17,750 8,330 
15.000 
Power loading 
Ib. per hp. 12.5 8.38 15 16.25 0.2 13.4 15.41 15 16.3 17.4 11.8 11.9 17.3 
Wing loading, 
lb. per sq. ft 9 37 7.6 6 7.5 g 8 7 Rg 4 7.5 7.9 7.7 & 84 93 8 OS 
Gasoline con- 
sumption, 53 4 50 53 53 53 ) 4 3 53 not known 
Ib. per hp , 
High speed 
m.p.h 105 122 100 119 00-100 100 112 5 110 99 108 125 115 
10,000’ 10,000 980 50 810 s 6.000 730’ 10,000° 10,000° 10,000 
Climb in In not known per per per mir nown) per in in in 
22 min 14 min mit mi! t 6,000 18 mit min 30 min 20 min 18 min 
Service ceil- 
ing, ft 15,000 18,000 not known 15,000 21,000 27,000 14,000 15,000 15,000 15,000 14,000 15,000 19,000 
Buoyancy | 
speed, m.p.h. | 50-60 53 48 50-60 50~5¢ 47 9 50-60 5) 50 50-55 55 50 
Cruising speed. 9 hrs 
m.p h. 85-05 100 90 100 endurance | 85-95 105 10 93 go 90 | 90-100 70-80 
} $29, 500—10 $28 000 $45.000 
Price $33,970 $26,650 $49,500 32,500—5 $26,500 with3Lib. |$35,000 14.950 10 $24.000 $44,500 $31,600 $66,232 $34,250 
39 500—2 $21.000 $50,000 
without 3-5 
Mail load 2.700 Ib 1,506 Ib 1,500 Ib. 3,000 Ib , 500- 2.000 Ib 3.000 Ib 5 hr 3,000 Ib 1,500 Ib 2 600 Ib. ; 1,500 Ib. 
and range at 5-1/2 hr. | at 5-1/2 hr. | at 5 br. 3,000 Ik at 6 hr 4.000 Ib at 10 he it 6 hr 450 miles at 5-1/2 6 hr. at 8-9/10 
600 miles hr hr 
Fuselage and 
nacelle ar- (2 fuselages 2 fuselages | 1 fuselage 1 fuselage 1 fuselage | 1 fuselage | 2 fuselages| 2 fuselages} 1 fuselage | 1 fuselage | 1 fuselage | 1 fuselage | 1 fuselage | 1 fuselage 
rangements 1 nacelle 1 nacelle 1 nacelle 2 nacelles | 2 nacelles 11 nacelle nacelle 2 nacelles | 2 nacelles 2 nacelles | 2 nacelles 
an | a } 
Without en- : 
Equipment gines or in- | Without With Without Without Without Without Without Without Without Without With in- Without 


struments 
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The following report is based upon a test made in the alti- 
tude laboratory of the Bureau of Standards to determine the 
effect produced upon the horsepower output of an airplane 
engine by the introduction of air to the carbureter at a higher 
pressure than the exhaust or back pressure. Such a condition 
is easily produced in this laboratory, as the engine under test 
is enclosed in a chamber the air pressure in which may be con- 
trolled independently of that on the carbureter inlet by means 
of suitable pipes and valves leading to the atmosphere and 
to a suction blower. A more complete description of this 
method of controlling the barometric pressure is given in Re- 
port No. 30 of the National Advisory Committee for Aeronau- 
ties. 

A stock 150 hp. Hispano-Suiza engine, built by the Wright- 
Martin Aireraft Corp., New Brunswick, N. J., having a com- 
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Fig. 1. Horsepowrer-BAack PRESSURE CURVES FOR VARIOUS 
CARBURETOR PRESSURES 


pression ratio of 5.3 to 1, was used in making the tests. The 
Claudel carbureter with which the engine was equipped, was 
adjusted in each case to give maximum power. 

Two runs were made with approximately a constant pres- 
sure on the carbureter, and with varying exhaust back pres- 
sures in each case. ‘The first run was made with the valve 
on the intake wide open, so that the highest pressure could be 
obtained on the carbureter. The pressure within the chamber, 
which is the same as the exhaust back pressure, was adjusted 
and readings taken at values of approximately 62, 50, 38 and 
34em. Hg. The data obtained are listed in Table I, and the 
results are plotted as curve A in Fig. 1. 

In the second run, the valve on the intake was partially 
closed, so that the pressure on the carbureter was the equiva- 
lent of 20 em. Hg below the prevailing atmospheric pressure, 
and readings taken at approximately the same points as be- 
fore. The results of this run are given in the second half of 
Table I and are plotted as curve B in Fig. 1. 

In the first run the pressure of the intake air was not con- 
stant throughout, varying from 72.67 to 70.22 em. Hg, so that 
it was necessary to correct the results to some constant pres- 
sure. The correction was made to a pressure of 70 em. Hg by 
interpolation, which is based on the assumption that the inere- 
ment of horsepower developed at a given back pressure is pro- 
portional to the increment of pressure of the carbureter air. 
This correction gave curve C in Fig. 1. All horsepowers were 
corrected to 1500 r.p.m. and 0 deg. C., in accordance with the 
results of a series of tests performed in this laboratory to 
determine the variation of horsepower with temperature. 
More complete information on this subject may be obtained 
from Aeronautical Power Plants Report No. 8. 

In order to determine the engine performance under differ- 
ent conditions of carbureter pressure and exhaust back pres- 
sure, a family of curves at carbureter pressures of 76, 70, 65, 
60 and 55 em. Hg were plotted against the exhaust back pres- 
sures. These were derived from the two experimental curves 

* Aeronautic Power Plants Report No. 9, National Advisory Com- 
mittee for Aeronautics. 


The Value of Supercharging’ 





577 


by interpolation based on the assumption as mentioned above. 

As it is desirable for purposes of design to know the engine 
output under different conditions as a function of the maxi- 
mum output on the ground, the ratio of horsepower taken from 
the above mentioned curves to the horsepower at a carbureter 
and exhaust pressure of 76 em. Hg, taken from curve D, is 
computed and plotted in Fig. 2. These curves give the engine 
performance under the different conditions on the basis of a 
constant temperature of air at the carbureter. 

To compute the horsepower that would be developed by an 
engine equipped with a supercharging device, under a given 
set of conditions of altitude, carbureter air pressure and ex- 
haust back pressure, knowing the engine performance on the 
ground, we may make use of the above mentioned curves in 
connection with the following relations: 


HP = HP, XR YX (F,) yoo. cevccescees (1) 


in which HP = horsepower developed with the supercharging 
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apparatus at the given altitude; HP, =the observed horse- 
power on the ground at the observed carbureter air tempera- 
ture of t,; R = horsepower ratio at the given conditions of 
exhaust and carbureter pressures produced by the supercharg- 
ing device at the given altitude (obtained from curves in Fig. 
2); and (F,), = temperature correction factor to correct from 
observed temperature on the ground, ¢,, to temperature at the 
carbureter, t, under the given conditions. 

The use of any form of supercharging device involves a 
compression of the air from the prevailing atmospheric pres- 
sure at the given altitude, to some higher pressure, before en- 
tering the carbureter. This results in a heating of the air 
above the prevailing temperature of the atmosphere and a con- 
sequent reduction of the available output of the engine. (For 
average temperatures of atmosphere at various altitudes see 
curve B in Fig. 5.) The temperature resulting from such a 
compression may be computed by the use of the equation: 


wn - (P,.\e—1 ‘ 
Ae it) x Se en (2) 
; r n 
in which 7, = temperature at carbureter after compression 
(absolute); 7, = temperature of the atmosphere before com- 
pression (absolute); P, = pressure at the carbureter after 


compression; P, = atmospheric pressure at the given altitude 
(pressure before compression); and m = the compression ex- 
ponent (1.41 for an adiabatic compression). 

As the air entering the carbureter at the temperature t, after 
compression (corresponding to the absolute temperature T,, 
of equation 2) is in most eases different from the observed 
temperature on the ground, ¢,, the temperature correction 
factor (F,), must be included in equation 1 to give the correct 
output that would be developed at the existing air temperature 
at the carbureter under the given conditions. (See Report 
No. 8 of this series. ) 
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PRESSURE AT CARBURETOR IN CM. OF MERCURY 
Fig. 3. CHART FOR OBTAINING 


To facilitate computations, charts were constructed (Figs. 
3 and 4) for obtaining the temperature after compression, t.,, 
according to equation 2, and the temperature correction factor 
(F’,), respectively. 

In using the chart for compression temperatures, it is un- 
necessary to determine the temperature of the altitude, as this 
is a function of the altitude barometric pressure, and is incor- 
porated into the chart. To use this chart, locate carbureter 
pressure on the horizontal scale at the bottom, trace vertically 
upward to the line of barometrie pressure corresponding to the 
given altitude, then horizontally to the eurve of the desired 
compression exponent. From there trace vertically upward 
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Fig. 4. CHART FOR TEMPERATURE CORRECTION 
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TEMPERATURES 


COMPRESSION 


or downward to the line corresponding to the barometric pres- 
sure of the altitude, and horizontally to the right to the seale 
of temperatures. This gives the temperature after compression 
in deg. Cent. 

The temperature correction factor (F',), may be obtained 
from the chart in Fig. 4. To use this chart, locate the ob- 
served temperature on the ground, ¢,, on the horizontal seale 
at the bottom, and trace vertically upward to the line corre- 
sponding to the compression temperature as obtained from 
chart in Fig. 3. From there trace horizontally to the line of 
correction factors. 

An example may serve to illustrate the use of the eurves and 
charts. Assume that an engine capable of developing 400 hp. 
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on the ground at a temperature of 10 deg, Cent. (50 deg. Fahr.) 
is to be equipped with an exhaust pressure turbine blower, 
which at a barometric pressure of 35 em. Hg, corresponding 
to 21,100 ft. altitude and a temperature of 21 deg. Cent. (see 
eurves A and B in Fig. 5) exerts a back pressure on the engine 
of 35 em. Hg and increases the carbureter pressure by 30 em. 
Hg. Then we have for the exhaust pressure on the engine at 
a given altitude, 35 +- 35 = 70 em. Hg, and for the carbureter 
pressure we have 35 -++ 30 = 65 em. Hg. From the curves in 
Fig. 2 we obtain a horsepower ratio of 0.836. To obtain the 
temperature after compression, we may assume an adiabatic 
compression with an exponent of 1.41, and from the chart in 
Fig. 3 obtain a temperature after compression of 30 deg. Cent. 
From the chart in Fig. 4 we obtain the temperature correction 
factor to correct from 10 deg. Cent. to 30 deg. Cent. =0.963. 
Substituting these values in equation 1, we obtain for the horse- 
power at 21,100 ft., with exhaust pressure turbine blower 
supercharging equipment : 
400 0.836 * 0.963 = 322HP 


If a geared blower were used, then in obtaining the horse- 
power ratio the barometric pressure at the given altitude would 
be used as the back pressure on the engine; and from the 
available output computed on this basis, the power necessary 
to drive the blower would be deducted. 


TABLE I 


TaBLe or Data on Test 108 on THE Errect or SuPERCHARGING 





| 
Barometric Pressure, 











| | 
| | | 
Cm. of Hg..... 61.9 | 49.7 | 37.5 | 33.9 || 33.1 | 37.7 | 50.0 | 62.1 
Pressure at Carburetor |} 
Intake (Cm. of Hg.) 72.67 | 71.42 | 71.12 | 70.22 || 55.22 | 55.22 | 55.22 55.22 
Horse Power corrected | 
to O deg. Cent. and | 
1500 r.p.m...........|}170.2 |171.3 [173.4 [171.8 {/132.9 |129.6 [125.4 |122.0 
Lb. of Gasoline per | 
Horse Power per Hr. 584 593 573| 580)}|  .567 545 554 557 


If it is desired to include, as a further refinement in the 
above computations, a correction to the observed horsepower 
on the ground, HP, for barometrie pressure, the output as com- 
puted by equation 1 may be multiplied by a pressure correction 
factor obtained from curve EF in Fig. 2 as follows: 

Locate the intersection of curve E with the curve of car- 
bureter pressure corresponding to the observed barometric 
pressure on the ground, trace horizontally to the left and read 
horsepower ratio. The barometric pressure correction factor 
is 1 divided by this horsepower ratio. 

An illustration will serve to make clear the use of this cor- 
rection factor. Assume that in the above example the observed 
horsepower (400) was obtained at an observed barometric 
pressure of 74 em. Hg. From curve FE we obtain, by the 
method described above, a pressure correction factor of 5 
(see Fig. 2), which equals 1.03. Applying this to the horse- 
power obtained, we get 


3221.03 = 332 P 


N. A. C. A. Reorganized 


By a resolution approved on May 20 by its executive com- 
mittee, the National Advisory Committee for Aeronautics has 
been reorganized so that the executive committee shall have 
six sub-committees, to be known as standing committees on 
(a) Aerodynamics, (b) Power Plants for Aireraft, (¢) Mate- 
rials for Aireraft, (d) Personnel, Buildings and Equipment, 
(e) Publications and Intelligence, and (f) Governmental Rela- 
tions. These standing committees may from time to time ap: 
point special sub-committees with the approval of the execu- 
tive committee. 

The standing committees on aerodynamics, power plants 
and materials will aid in determining the problems related to 
these subjects to be experimentally attacked by governmental 
or private agencies, co-ordinate research and experimental 
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work, act as mediums for the exchange of information, and 
conduct laboratory tests. The committee on personnel, build- 
ings and equipment will handle all matters affecting the per- 
sonnel and initiate projects concerning the erection or al- 
teration of buildings and their equipment; the committee on 
publications and intelligence will collect, classify and make 
public useful knowledge on the subject of aeronautics, in- 
cluding the results of research and experimental work done 
in all parts of the world, supervise the office of Aeronautical 
Intelligence and the foreign office in Paris. The committee 
on governmental relations will be in charge of relations of the 
National Advisory Committee for Aeronautics with the execu- 
tive departments and other branches of the Government and 
of governmental relations with civil agencies. The new com- 
mittees have been organized as follows: 




















Avro 100 He. Two-Seater BANKING 


British Official from Feature Photo Service 


Aerodynamics—Dr. John F. Hayford, chairman; Dr. 
Joseph 8. Ames, vice-chairman; Prof. Charles F. Marvin, 
Col. T. H. Bane, U. S. A.; Lieut.-Col. V. E. Clark, U. S. A.; 
Dr. A. F. Zahm, Lieut.-Comdr. J. C. Hunsaker, U. 8S. N.; Dr. 
L. J. Briggs, M. D. Hersey, E. P. Warner, secretary. 

Power Plants for Aircraft—Dr. 8. W. Stratton, chairman; 
L. M. Griffith, Prof. George W. Lewis, Maj. George EK. A. 
Hallett, U. S. A.; J. G. Vineent, Harvey N. Davis, Dr. H. C. 
Dickinson, acting secretary. One member to be nominated by 
the Navy Department. 

Materials for Aircraft—Dr. S. W. Stratton, chairman; 
G. K. Burgess, vice-chairman; Lieut.-Col. H. C. K. Muhlen- 
berg, U. S. A.; Comdr. J. C. Hunsaker, U. 8. N.; H. L. 
Whittemore, acting secretary. 

Personnel, Buildings and Equipment—Dr. Joseph 8. Ames, 
chairman; Dr. S. W. Stratton, vice-chairman; Prof. Charles 
F. Marvin; J. F. Victory, seeretary. 

Publications and Intelligence—Dr. Joseph S. Ames, chair- 
man; Prof. Charles F. Marvin, vice-chairman; Miss M. M. 
Muller, secretary. 

Governmental Relations—Dr. Charles D. Walcott, chair- 
man; Dr. S. W. Stratton, J. F. Victory, secretary. 








City College Aeronautics 


Evening courses on airplanes and aviation engines at the 
College of the City of New York having met a popular de- 
mand, the authorities have decided to repeat these classes dur- 
ing the Summer session commencing July 1. 

Then enrollment in the aeronautie classes at the college dur- 
ing the present year has been 586 students. The laboratory 
equipment used in the instruction includes airplanes and 
motors donated. 












Vickers Vimy-Rolls Crosses the Atlantic 

















THREE-QUARTER FRONT VIEW OF THE VICKERS VimyY-ROLLS 


Ihe Vickers airplane entered for the trans-Atlantic flight 
competition of the London Daily Mail, Capt. Jack Aleock, 
pilot, and Lieut. Arthur W. Brown, navigator, succeeded on 
June 14-15 in making the first non-stop flight across the At- 
lantie covering the distance of 1936 land miles from St. John’s, 
N. F. to Clifden, Ireland, in 15 br. 57 min. 

According te a statement made publie by Captain Alcock, 
the winds were favorable throughout the journey, northwest 
and at times southwest, and account for the high speed—117 
m.p.h.—at which the crossing was made. Otherwise atmos- 
pherie conditions were distinetly bad, low visibility, fog and 
rain constantly interfering with navigation, so that only three 
bearings could be made during the entire flight. As the 
propeller of the wireless transmitting set flew off shortly 
after the machine had left Newfoundland no radio messages 
could be sent from board, and constant jamming of signals 
not intended for them is. said to have prevented directional 
messages from being received by the aviators. That under 
these circumstances the airplane should have hit land at Clif- 
den, whieh is 60 miles from Galway—where the aviators in- 
tended to land—but not more than 10 miles off the course, 
represents therefore a wonderful piece of navigation. 

The Vickers airplane which crossed the Atlantie is prac- 





tically similar in every respect to the standard Vimy-Rolls 
bomber supplied by Vickers, Ltd., to the Royal Air Force. 

The span of both upper and lower planes is 67 ft., the chord 
10 ft. 6 in., the gap 10 ft., the overall length 42 ft. 8 in., and 
the overall height 15 ft. 3 in. The wing area is 1330 sq. ft. 

The power plant is composed of two Rolls-Royee Eagle VIII 
engines, developing 400 hp. and driving two four-bladed tractor 
airserews. The standard Vimy-Rolls has, fully loaded, a speed 
of 109 m.p.h. at ground level, 103 m.p.h. at 6000 ft., and 99 
m.p.h.; it elimbs 6000 ft. in 17 min., and 10,000 ft. in 48 min. 
Fuel for five hours at 90 m.p.h. is carried in addition to a mili- 
tary or commercial load of 2300 lb.; the latter may be used for 
earrying eleven passengers and one pilot, or one ton of dead 
weight, or any combination of the two arrangements. 

In the trans-Atlantic model the fuel capacity has been in- 
ereased to 865 gal. and the oil capacity to 50 gal., which gives 
the machine an endurance of 2440 miles. The maximum speed 
is 100 m.p.h., but during the flight across the Atlantic the en- 
gines were throttled down so as to maintain an average cruis- 
ing speed of 90 m.p.h. 

The machine is fitted with a radio set capable of sending 
and receiving messages for a distance of 250 miles, and the 
pilot and navigator wore electrically heated suits. 
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Course in Aerodynamics and Airplane Design 


Part IIIl.—Experimental Aeronautical Engineering 


By Alexander Klemin 
Technical Editor, Aviation and Aeronautical Engineering; Consulting Engineer, Aerial Mail 
Service; Consulting Aeronautical Engineer 
(Copyright, 1919, by Alexander Klemin) 


Section 6. 


A great many different types of air speed indicators have 
in the past been employed for full flight testing. Some of these 
were pressure instruments with a plate balanced by a spring; 
rotating vane anemometers and hot wire anemometers have 
also been used. At the present time almost all of these types 
have been discarded, and the use of instruments measuring 
differences of pressure from two tubes, one giving a pressure 
the other a suction effect, has become general. Either two Pitot 
tubes, or a combination of Pitot and Venturi tubes, may be 
employed for this purpose. 

Pitot and Venturi Tubes 

In Fig. 1 a Pitot tube is shown diagrammatically. There are 
two concentric tubes, the inner of which is open to the wind, 
while the outer is closed and communicates with the current of 
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Fig. 1. Diagrammatic Cross-Section or Piror TuBE 
air only by a series of fine holes. The suction on the outer 
tube and the pressure on the inner one are read by a pressure 
gage which measures the pressure difference between them. 

If p is the static pressure of the stream, V the velocity, and 
D the density, the total pressure on the inner tube is given by 
the formula 

DvV* 
p+ 


29 

The outer tube, if the holes are fine enough, will be unaffected 
by the kinetic energy of the stream, and will measure the static 
pressure p only, w hile the gage will register the difference be- 
tween the two. This will be therefore 

DV’ 
29 
which will be a measure of the velocity. 

Pitot tubes are very suitable for wind-tunnel work, and ean 
be made to give very accurate results, but they suffer from the 
defect of very sms ull differences in head. This means that on 
an airplane it would be next to impossible to read the gage of 
a straight Pitot combination. 

A combination of Pitot and Venturi will give much more 
practical forees to measure. Such a combination i is shown dia- 


Instruments for Full Flight Testing 


grammatically in Fig. 2, where a proof of the formula for 
differences in reading is also attached. The advantage of a 
Venturi tube is that the velocity at the throat is much greater 
than at the mouth, so that the suction effect is considerably 
multiplied. The reading of the gage is now due to a difference 


72 


, and by increasing the ratio of throat area 





of pressure of = 


to mouth area this ean be increased considerably. 
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Fic. 2. ComBrnatTion oF Prror AND VENTURI TUBES 


Correctness for Density of Air Speed Meters 

The readings of air speed meters of the above type are there- 
fore proportional to the product of the density and the square 
of the velocity, and the general equation for this type of instru- 
ment is therefore of the form 

R= ADV’ 
where A is a constant depending on the instrument. 

In the laboratories air speed indicators are calibrated at 16 
deg. Cent. and 760 mm. pressure, and under all other atmos- 
pheric conditions they have to be referred to this standard 
density. 

If the instrument gives a certain reading V, at density D, 
then true reading V; will be given by equation: 

ADV? = AD,V;? 


Vi = VV, Vi 


- D, _273-+t, ., 760 
sa D, 373-16 ~~ P, 


, 273 +t, 760 
Ve= abe 
VV gett 73-16 <P 


and 





TABLE I 


Mu tipLyine Factors to Repvuce SpeEep READINGS AT VARYING PRESSURE AND TEMPERATURES TO STANDARD Density PRESSURE IN MILLIMETERS OF MERCURY 





Temperature, 


deg. 200 250 300 350 400 450 
Cent. 
— 40 1.750 1.566 1.429 1.324 1.236 1.168 
- 30 1.790 1.599 1.459 1.351 1.265 1.191 
20 1.830 1.631 1.492 1.380 1.290 1.218 
-10 1.852 1.661 1.521 1.407 1.318 1.239 
0 1.899 1.673 1.550 1.430 1.340 1.264 
10 1.924 1.729 1.574 1.459 1.365 1.286 
20 1.961 1.757 1.602 1.483 1.388 1.308 
30 1.990 1.787 1.630 1.508 1.410 1.330 
40 1.815 1.661 1.533 1.437 1.354 


. 109 
.130 


550 600 650 700 750 800 850 900 
1.057 1.010 .944 . 936 . 904 athe 
1.080 1.031 . 982 .956 .925 894 
) 1.100 1.051 1.012 .975 .942 .911 ees 

1.121 1.075 1.031 .995 . 960 930 .902 o sae 

120 1.142 1.094 1.051 1.012 .978 949 .920 .893 
1.162 1.115 1.070 1.030 996 . 965 . 937 .910 
1.182 1.132 1.089 1.050 1.012 . 982 .954 .926 
1,204 1.151 1.098 1.068 1.030 .997 .979 -941 
1.224 1.170 1.120 1.078 1.050 1.013 - 984 -958 

















rey 





582 AVIATION 


The correction can be applied either by computation, or 
from the curves of previous section where densities for vary- 
ing temperatures and pressures are given as percentages of 
D, 
D, 

Table 1 may be used for approximate corrections. It is 
based on the assumption of certain standard atmospheric con- 
ditions; it should therefore not be used for computing per- 
formance results, but only as a rough cheek. In constructing 
the table a ground level temperature of 16 deg. Cent. is as- 
sumed, and a pressure of 760 mm., with a decrease in tempera- 
ture of 1.75 deg. Cent. per 1000 ft. ascent. 


the standard density, as well as the values of the ratio 


The Foxboro-Zahm Direct Reading Air Speed Meter 


In Figs. 7 and 8 are shown views of a very widely used 
combination of the Foxboro indieating box and the Zahm Pitot- 
Venturi tube (new adopted as standard by the Signal Corps). 
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Fig. 3. Foxsoro Atr Speep Meter With ZAHM-PITOT 
VENTURI TUBE 


The pressure lead of the Pitot enters the small cylin- 
ders located in the indicating case which in itself is made 
airtight by a gasket under the cover. The suction of the 
Venturi is transmitted to the ease itself. When a difference 
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Fig. 4. Zaum Prrotr-Venturi Tvs 


of pressure exists between the inside and outside of the two 
cylinders, they elongate or contract. The motion is transmitted 
to the pointer by means of links to a cireular rack which 
engages a pinion on the spindle. 


The Toussaint-Lepere Recording Air Speed Meter 


In this instrument the Pitot and Venturi tubes are combined 
in a small casting, called the antenna by the French. This is 
illustrated in diagrammatic cross-section in Fig. 5. The pro- 
portions of the Venturi are so arranged as to give the maximum 
possible suction for a given air-speed. The antenna is sup- 
ported by a thin, hollow wooden arm, which also serves to 
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sarry the tubes transmitting the pressure to the recording de- 
vice shown in Fig. 6. 

The recording mechanism of the Toussaint-Lepére is shown 
in Figs. 7 and 8. It has the ordinary clockwork drum and pen. 
The gage consists of two movable circular plates S, and 8, 
rigidly connected by a rod ab. The plates form the tops of 
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Fig. 5. ANTENNA AND SuPPorRT ARM 


the bellows f, and f,. The sides of these bellows are made of 
flexible, thin rubber, while the bottoms are formed by fixed 
plates m and ». The suction from the Venturi is led to the 
airtight chamber c-c, and so acts on the top of plate S,. The 
pressure from the Pitot is led to the under side of the plate S.,. 
The top of S, and the bottom of S, are open to the air inside 
of the box. Thus a variation of pressure causes no motion of 
the rod ab, which is moved only by the difference of pressure 























Fig. 6. INSTALLATION Or TOUSSAINT-LEPERE AIR SPEED METER 


transmitted from the antenna. The rod ab is constrained to 
move vertically by the linkage a-d-c-b. The link be carries on 
one end the marking pen g, on the other a counterweight for 
the movable parts of the imstrument. At the end of this link 
is fastened the spring F, whose tension balances the pressure 
of the pen. This spring is so placed that the displacement of 
the pen is nearly proportional to the wind speed. The box 
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Fig. 7. DracramMatic Cross-Section or ToussAInt-LEPERE 
Air SPEED METER 


which encloses the recording apparatus is about 9 in. x 6 in. x 5 
in., with a total weight of about 4 Ib. 

It is very important in using the Toussaint-Lepére air speed 
indicator either to suspend it by elastie cords or to have it held 
by the passenger. The antenna position is also of importance, 
and this should not oceur in the slip-stream of the propeller, 
near the body or anywhere else where disturbances are likely 
to be violent. The best practical position for the antenna is 
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well ahead of one of the outer struts, to which the supporting 
arm is fastened by taping or by a special fitting. 

However the antenna is placed, there is also a discrepancy 
between the readings of the instrument as calibrated in the 
laboratory and as used on the airplane. A test run in flight 
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Fig. 8. RECORDING 


must be made over a measured course to check the instrument 
before every important flight. 
Connecting Up an Air-Speed Meter 

A very simple way of attaching the Pitot tube is shown in 
Fig. 10, but this is an arrangement open to objection because 
the strut interferes with the air-flow. It is better to offset the 
instrument. 

To connect the Pitot or Venturi-Pitot with the indicator 
proper flexible aluminum tubing may be used. Besides making 
all joints airtight, it is necessary to avoid sharp bends and 
kinks. A standard method is extant for connections as shown 


in Fig. 9. 
= 4 length M rubber tube oma 
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Fig. 9. CONNECTIONS FOR VENTURI METER AND AIR SPEED 
METER 


tubing, 1/4 in. 
dia. aluminum 
beyond 


(1) Slip a 4 in. length of standard rubber 
bore, over the 2 in. length of the 5/16 in. 
sheath, so that the ends of the rubber tube extend 1 in. 
the extremities of the sheath. 

(2) Butt the ends of the aluminum tube and the connection, 
and slide the sheath in the rubber tube over the joint so that 
the joint comes at the middle of the sheath, 

(3) Bind the two ends of rubber tubing with wire. First 
tie the wire near the sheath with a simple knot, leaving one 
short end free, which is pressed down along the tube and 
bound under. The wire is wrapped around the tube and when 
the wrapping is finished the two ends of the wire are twisted 
together and eut off, leaving a %4 in. stub to prevent slipping. 
In binding the rubber care should be taken not to cut it. 

Air-Speed Meter Calibration 

While the only real calibration of an air-speed meter is in 
the air over a measured course, nevertheless laboratory calibra- 
tion is essential to insure that the instrument has a fair degree 
of accuracy, and so that errors due to position on the plane 
may not be cumulative. The Pitot tubes and the indicators are 
calibrated separately, the former being calibrated in the wind 
tunnel. A standard tube and the tube to be calibrated are 
mounted on the same strut in the wind-tunnel, and both are 
attached to water gages. As the wind speed is varied, simul- 
taneous readings are taken for the two instruments. From this 
observed data calibration curves are drawn, plotting the ob- 
served speed against the speed deduced from the standard pitot. 
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The indicators are connected to vacuum or pressure pipes 
through water gauges. Then as the pressure is varied simul- 
taneous readings are taken of the indicated airspeed and 
water height in the gauge. The velocities corresponding to the 
observed heads can be computed from the formula. 


» D 
= 12.46 4/ 

V h 

where h = height of water —— in inches at 20 deg. C., D 


= air density in lbs. per cu. ft., V = speed in miles per hour. 
A calibration curve of uch sas velocity against observed 


TABLE Il 
Air SPEED CORRECTIONS AT HEIGHTS 


Apparent speed 
instrument read 


Corrected Speeds at Heights (m.p.h.) 


—in m.p.h. 6,500 ft. 10,000 ft. 15,000 ft. 20,000 ft 
40 44 46 50 54 
45 49 52 56 60 
50 65 58 62 67 
55 60 63 68 74 
60 66 69 75 80 
65 71 75 81 87 
70 76 81 87 94 
75 82 86 93 100 
80 87 92 99 107 
85 93 98 106 114 
90 98 104 112 120 
95 104 109 118 127 
100 109 115 124 131 
105 115 121 130 140 
110 120 127 137 147 
115 120 132 143 154 
120 13 138 140 161 
125 137 144 155 107 
130 142 150 161 171 
135 147 156 168 181 
140 153 161 174 187 
145 158 167 180 194 
150 161 173 186 201 
155 169 179 193 207 
160 175 181 199 214 

velocity can be plotted from this data. A large number of 


airspeed meters are calibrated at the Bureau of Standards. 
First the instrument is tested at room temperature as described 
above. Then the indicator is placed in a chamber and the 
temperature is lowered to —10 deg. Cent. and again calibrated 
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ATTACHMENT OF Pitot TuBE HEAD 


as before. This test is repeated at 40 deg. Cent. The per- 
missible variation in reading must not exceed 2.5 m.p.h. After 
the temperature test the instrument is vibrated on a stand and 
again calibrated. 
Only the briefest outline of calibration methods is given 
here, as this is essentially the work of a specialist. 
Aneroid Altimeters 


The altimeters generally used for aeronautical purposes are 
of the aneroid type. Such a barometer contains one or two 
nickle silver drums from which the air has been exhausted. 
The faces of each drum are held apart by a spring, and the 
sides or faces press in or out with variations of the atmospheric 
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pressure. The movement of the spring is communicated to the 
index by means of a system of levers and a chain passing over 
a small wheel. In the ordinary aneroid the movement of the 
index is proportional to the change in pressure. If such an 
aneroid is provided with height scale, the intervals for succes- 
sive thousands of feet are not equal. In the altimeter the 
mechanism is devised so that the height scale may be uniform. 
This is accomplished by a compensating device in the linkage. 
The position depends only on the pressure, so that if the scale 
were fixed at ground level the change in atmospheric pressure 
would be shown as a variation in height. 

An aneroid barometer may be used as an altimeter proper 
for ordinary flying where no great accuracy is required. Or 
it may be used as a pressure instrument pure and simple, and 
is used as such in accurate testing. When used as an altimeter 
proper, it is always set at zero at the beginning of a flight, 
but in testing work such a procedure involves a serious error. 

Errors in Altimeters—The minor errors of the aneroid 
barometer are lag or hysterisis, and lack of compensation for 
its own temperature. If the altimeter is kept at a low level for 
some time, the altimeter will indicate on its return less than the 
correct pressure, and gradually recover. Much of this hys- 
terisis effect depends on the quality of the metal employed. If 
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Fig. 11. DraGRaAm oF WORKING MECHANISM OF AN ALTIMETER 


after an ascent or descent of 20,000 ft. at the rate of 1000 ft. 
per min., the error on account of lag is no greater than 150 
ft., the instrument is really satisfactory as far as lag goes. The 
existence of this error must be taken into consideration when 
the behavior of the altimeter is under discussion. In general 
during ascent the altimeter reading is too low and too high 
during descent. Improvement in the steel boxes may eliminate 
this. 

To compensate for the temperature of the barometer a spe- 
cial device is generally employed, although this does not cause 
important errors. Nevertheless, the compensation for the loss 
of elasticity of the aneroid when heated is easily affected either 
by leaving a little air in the exhausted box or by introducing 
a bimetallic arm in the magnifying mechanism. 

The most serious error in the aneroid barometer in estimat- 
ing height is that the difference in pressure between any two 
levels depends on the temperature of the intervening layer 
of air. 

The scale of the altimeter may be graduated for some definite 
temperature, supposed to be the same at all heights, or for 
some definite surface temperature and a given rate of decrease 
of temperature with increase of height. On all commercial 
instruments the zero altitude is taken as corresponding to 50 
deg. Fahr. and 29.20 in. mereury at 0 deg. Cent. The correction 
of the altimeter for temperature can be easily carried out by 
the methods explained in the previous section. 

Construction of an Aneroid Altimeter—Fig. 11 shows the 
canstruction of an altimeter in diagrammatic form. The 
aneroid box (i) is an airtight chamber from which the air has 
been exhausted. The top and bottom diaphragms are drawn 
apart by the steel spring (2); as the atmospheric pressure in- 
ereases the diaphragms are pressed together against the action 
of the spring. 

In order to describe the operation of the mechanism suppose 
the airplane to be climbing. The pressure of the atmosphere 
is decreasing and the diaphragms are drawn apart, the main 
spring (2) relaxes, the edge to which the arm (3) is attached 
rises, lifting the arm with it. This motion is communicated 
to the spindle (4) through the link rod. To the spindle is 
fastened a small arm attached to one end of a chain (5). The 
other end of the chain is fastened to the drum (6). As the 
arm (3) is raised the spindle is revolved and the chain arm is 
earried anti-clockwise through a small are. This permits the 
chain to be wound in the drum by a fine hair spring under the 
drum. The drum is fastened to the needle spindle (7), and as 
the drum revolves the needle point moves round on the dial. 
indicating the altitude, corresponding to the atmospheric pres- 
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sure. Ordinarily the scale of altitude would not be graduated 
in equal intervals for successive thousands of feet, but in alti- 
meters the mechanism is so arranged that the divisions are 
equal. 


Civil Flying Schools Open 


With the raising of the ban on civilian flying many aviation 
schools are again opening throughout the country. 

Among the first to open is the Curtiss aviation school at 
Garden City, L. L., under the direction of Roland Rohlfs, test 
pilot for the Curtiss Engineering Corp., and Richard H. 
Depew, recently a captain in the Air Service. This school has 
already received more than 200 applications from all parts 
of the United States, as well as Canada, Mexico, Argentine, 
Cuba and Italy. 

The course given by the Curtiss school differs from the 
methods used by the army. Instead of the three months’ 

»und school course, followed by several weeks of actual flight, 
it is the aim of the instructors to teach the principles governing 
flight simultaneously with actual flying. The course will in- 
elude lectures on aerodynamics, theory of flight, construction 
and repair of airplanes and motors. Following the lecture, 
the student will be taken up into the air and taught to apply 
his theories. 

The American Trans Oceanic Co., Curtiss distributors for 
New York and Florida, will operate a water-flying school at 
Port Washington, L. Il. The Curtiss flyimg station at Atlantic 
City will operate both land and water schools as will the 
Curtiss Eastern Airplane Co., distributors for Pennsylvania, 
Maryland, and Delaware. The Curtiss Airplane Co. of New 
England, with headquarters at Boston, the Curtiss Southwest 
Airplane Co. at Tulsa, Okla., and the Curtiss Northwest Air- 
plane Co. at Minneapolis, will also operate flying schools. 
I. B. Humphreys, distributor for Colorado, Sydney Chaplin, 
distributor for southern California and Arizona, and George 
W. Browne, distributor for the middle west, will likewise start 
schools. 

Many schools are also taking up aviation. The Junior Platts- 
burgh Camp will inaugurate a course of instruction in aero- 
nauties and Castle Girls’ School at Tarrytown-on-Hudson will 
offer a course in airplane mechanies for girls this summer. The 
Sheffield Scientifie school has a course in military aeronauties 
and many other universities are following the lead. 


Treaty Air Clauses 


In the peace treaty handed to Germany by the Allied Nations 
are two clauses relating to the use of the air. The first is from 
Section VI: 

Air.—The armed forees of Germany must not include any 
military or naval air forces except for not over one hundred 
unarmed seaplanes to be retained till Oet. 1, to search for sub- 
marine mines. No airship shall be kept. The entire air person- 
nel is to be demobilized within two months, except for 1,000 
officers and men retained till Oetober. No aviation grounds 
or airship sheds are to be allowed within 150 kilometers of the 
Rhine or the eastern or southern frontiers, existing installations 
within these limits to be destroyed. The manufacture of air- 
eraft and parts of aircraft is forbidden for six months. All 
military and naval aeronautical material under a most ex- 
haustive definition must be surrendered within three months, 
except for the 100 seaplanes already specified. 

And the second is from Section XI: 

Aerial Navigation.—Aireraft of the Allied and Associated 
Powers shall have full liberty of passage and landing over and 
in German territory, equal treatment with German planes as 
to use of German airdromes, and with most favored nation 
planes as to internal commercial traffic in Germany. Germany 
agrees to aecept Allied certificates of nationality, airworthiness 
or competency or licenses and to apply the convention relative 
to aerial navigation concluded betwen the Allied and Associated 
powers to her own aircraft over her own territory. These rules 
apply until 1923 unless Germany has since been admitted to 
the League of Nations or to the above convention. 
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Fabrics 

The fabrics used in airships are of three main types:— 

1. Gastight fabric, such as that used for gas bags of a rigid 
ship. 

2. Outer cover fabric, of which the principal function is to 
form a rain and weather proof outer cover to the ship, both 
as a fairing to reduce her resistance and to protect her internal 
bags from variations of temperature, due to radiant heat, and 
from deterioration caused by sunlight. 

3. The envelope of a non-rigid ship requires a combination 
of both properties. 


Lighter-than-Air Craft’ 


By Lieut.-Col. T. R. Cave-Browne-Cave 


The rubber on the outer surface usually contains aluminum 
powder as this forms a surface that reflects much of the radiant 
heat, thus preventing rapid temperature change, and is also 
opaque to the light which would injure the fabric inside. It is 
usually found that the outer layer of proofing has perished so 
badly as to be easily noticeable before the strength of the 
fabric has become appreciably reduced by weathering. 

Outer Cover Fabric.—Outer cover fabrics generally resemble 
the fabric used on airplane wings. It is necessary that after 
the outer cover is placed on the ship a certain degree of con- 
traction should take place in order that the cover may be well 
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Gastight Fabric—The lightest method of rendering a fabric 
gastight is the application of goldbeater’s skin. This material 
is a membrane which, although water will easily pass through 
it, has a very pronounced ability to resist the passage of hydro- 
gen. The skins are obtained from the messentry of a cow, each 
animal contributing a piece which averages about 8 in. by 20 
in. These skins are stuck to the fabric by means of glue or 
rubber solution, and are varnished to protect them against 
moisture and damage. 

The gastightness of a non-rigid envelope is obtained by 
rubber proofing only. The same fabric has to fill the functions 
of outer cover, as stated above, and also has to withstand con- 
siderable stress produced by the internal pressure of the gas 
and by the tension of the riggings attached to it. 

In order to obtain the necessary strength—and more particu- 
larly strength to resist tearing—-a number of plies of cotton 
fabric are stuck together with layers of rubber solution be- 
tween them. Fabric for small-size ships can be given the re- 
quired strength by two plies of cotton, the inner one being 
diagonal. Stronger fabric is usually made of three plies, the 
middle of the three being diagonal. The diagonal ply is formede 
by eutting strips of fabric and sticking them to the other ply 
so that their threads run at 45 deg. to the threads of the main 
ply and to the length of the built up strip of fabric. These 
diagonal threads have a very pronounced effect in distributing 
a stress evenly over threads of the main ply. 

The rubber is made into a thick solution and spread by a 
kind of seraping knife on to the layers of fabric before they 
are stuck together. 

d ~ * Paper read before the Royal Aeronautical Society. 
from last issue. 
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tensioned to resist any tendency to flap. It is found that a 
contracting cellulose acetate dope is generally most satisfac- 
tory, but the extent of the contraction must be considerably 
less than that customary on airplanes. If the contraction is 
excessive it is liable to bring a serious crushing strain on the 
framework of the ship. 

Considerable difficulty has been experienced in obtaining a 
satisfactory dope for the outer cover, but its function in resist- 
ing light and heat and in providing a waterproof covering, are 
so closely analogous to those fulfilled by the latest airplane 
dopes that it is probable airplane practice will be adopted, the 
only modification being a considerable reduction in the amount 
of contraction allowed. 

The outer cover of a rigid airship constitutes a very serious 
problem because the unsupported areas of the fabric are large, 
and it is of the utmost importance that no part of the fabric 
should flap or even tremble to a small extent. Such action 
would very rapidly increase and in the prolonged flights which 
these ships have to make, very serious results might follow any 
small flapping which was allowed. 


Engine Requirements 


Our very extensive experience of airship flying, extending 
over nearly 3,000,000 miles during the war, has shown that by 
far the most fruitful cause of failure is connected with the 
engines. This is the case, although a large proportion of the 
small difficulties which occur in aero engines are of a type 
which can be made good in an airship, but not in an airplane. 
The length of time for which an airship’s engine is running 
continuously is very considerably greater than that of an air- 
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plane. The requirements to be expected from a good airship 
engine therefore differ from those of an airplane engine in 
several important respects: 

1. The engine must be suitable for running for very long 
periods without break-down. 

2. All gear on the engine must be arranged so that small 
defects can be made good in the air, the engine, if necessary 
being stopped for a short period. 

3. The fuel and oil economy, more particularly at reduced 
powers, are of far greater importance to an airship than is 
the initial weight of the machinery. 

Although these differences between the requirements of air- 
ships and airplanes exist at the present time, they will be very 
considerably reduced as soon as the airplane develops into a 
machine of longer range and capable of flying with a smaller 
proportion of its power. The airship engine requirements of 
to-day are very largely the requirements which the airplane 
will eall for to-morrow. 

Useful Carrying Capacity 

The carrying capacity of an airship is perhaps the feature 
of greatest importance, both from a service and commercial 
point of view. The weight, which is available for bombs, pas- 
sengers, merchandise, or fuel, depends upon the volume of gas 
contained by the ship and upon the weight of the ship’s strue- 
ture and all necessary parts. The volume of gas will increase 
as the cube of the linear dimensions of the ship, and it will 
be readily understood that the weight of the ship will not in- 
crease as such a high power. This indicates that as the size 
of the ship inereases the proportion of her gross lift which is 
available for lifting capacity will also increase. The non-rigid 
ship haying no hull structure will for the same size have a 
considerably greater prooprtion of available lift. It may be 
assumed that it is at the present time practicable to design 
both a rigid ship and a non-rigid ship which will be able to 
carry as useful load a weight equal to that of the ship, i. e., 
50 per cent. of the gross lift of the ship will be available for 
useful purposes. The size of a non-rigid which will give this 
ratio is approximately 500,000 cu. ft., and for a rigid approxi- 
mately 2,00,000 eu. ft. 

For many commercial purposes there is much to be gained 
by carrying a given weight in several small ships rather than 
in one large one. For naval purposes when the airship is used 
as a cruiser, her function is to carry observers and a wireless 
telegraph installation for a certain distance at a certain speed, 
and a ship that will do this with a small crew is as effective as 
one with a big one. To this it must be added that the small 
ship can get away on a large proportion of the days when 
the larger ship would be weather-bound. The best figures 
which are available as regards the cost of our largest rigid and 
non-rigid indicate that some six of the non-rigids referred to 
above could be built for the same price as the equivalent rigid 
referred to. 


Water Recovery and Use of Hydrogen as Fuel 

An airship which is making a long passage extending over 
several days has to contend with difficulties due to changes of 
temperature. The change of temperature, and more particular 
ly the change in the amount of radiant heat by day and night, 
is often very great. Let us trace the history of a ship which 
leaves the ground in the early morning before sunrise. 

As the day advances she warms up and her lift will probably 
increase, due to superheat and the gasoline she has burnt. Un- 
less she is prepared to keep herself down by using her elevators 
and flying nose down, she must rise and lose gas. Later in 
the day, when the superheat disappears, the ship may become 
seriously heavy due to the amount of gas she has lost. It is 
important, therefore, to reduce the gas loss, and this can best 
be done by avoiding the necessity of allowing the ship to go 
to a considerable height. For this it is necessary to take weight 
into the ship. This can be done by picking up water from the 
sea or by condensing the steam formed in the engine exhaust. 
The first method is only possible over the sea and by coming 
down to a low height. It even then presents considerable 
diffieulty. There is, however, the advantage that a large weight 
of water can be picked up quickly when required. The weight 
of water that can be condensed from the exhaust is theoretiecal- 
ly more than 20 per cent. in excess of the corresponding 
weight of fuel burnt, but it is found in practice that to collect 
more than about 80 per cent. of the gasoline weight would 
necessitate very heavy condensers. It is almost certain, how- 
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ever, that at many times during a long journey it will be 
necessary to discharge gas and arrangements have therefore 
been made to use the gas as fuel. 

Experiments were first made in burning hydrogen alone as 
fuel in the engine, but it was found only possible to develop 
about one-third of the maximum hp. of the engine. If a 
greater quantity of hydrogen than this was burnt serious deton- 
ation took place in the cylinder. Trials were, however, carried 
out by using both hydrogen and gasoline, each mixed with the 
correct proportion of air. By varying the proportion of hy- 
drogen mixture and gasoline mixture, it is possible to obtain all 
powers up to the maximum of the engine. At the higher pow- 
ers only a smaller proportion of hydrogen ean be burnt with- 
out trouble. No serious difficulties were experienced with the 
use of hydrogen as fuel, but it has been considered desirable 
that the gas should be drawn from the envelope at a pressure 
less than atmospheric in order to avoid any possible risk of 
fire. A spring-loaded non-return valve is fitted in the hydro- 
gen discharge pipe and is loaded to a pressure considerably in 
excess of that which will ever be attained in the envelope. The 
suction of the engine is sufficient to draw the hydrogen through 
this valve, but if for any reason the engine stops no further 
hydrogen passes. The apparatus has been most thoroughly 
tested to eliminate risk due to fire, and it appears quite certain 
that at the present time the risks from a hydrogen fire with 
this gear are quite negligible. 


Types of Airships Developed During the War 

The present classes of British airships have been gradually 
developed from the beginning of 1915, when the interest in 
airships was revived by Lord Fisher’s decision that they might 
be made to form an important defence against the submarine. 
The first S. S. ship was constructed by suspending a B. E. 
airplane, stripped of its wings and tail, under a suitable small 
envelope. ‘The trials of the first ship were made in less than 
twenty days from the time the instructions to proceed were 
received. The first flights were so satisfactory that the Ad- 
miralty gave instructions that the production of these ships 
was to proceed at once. The 8.8. class of airship differed 
very slightly from the original ship in certain respects which 
had been found desirable on the first trial. A few cars of the 
pusher type which generally resembled the nacelle of a Mau- 
rice Farman, were constructed by a private firm, but although 
they relieved the pilot of the propeller slip-stream, they did 
not prove as satisfactory as the older B.E. type. 

It soon became necessary to construct a ship of larger size 
and capable of lifting a greater load and of longer endurance. 
An envelope of the “ Astra’’ type was obtained from a ship 
which had been built before the war as a Belgian millionaire’s 
air yacht. A suitable car to take four men was constructed 
and rigged below it. This again proved a satisfactory pre- 
liminary experiment and was the beginning of the Coastal 
type. The envelope had to be re-designed, but the modifica- 
tions made to the car were comparatively small. This class 
of ship was modified in 1918 to the type known as C* (Coastal 
Star), which had again a better shaped envelope and slightly 
better crew accommodation in the ear. 

A ship larger again than the Coastal was found to be re- 
quired for extended cruising in the North Sea and for work 
with the Fleet, and the N.S. ship was, therefore, designed. She 
marks a distinct departure from the earlier classes; her ma- 
chinery is in a unit quite separate from the main ear, which 
latter only carries the crew and navigating party. The gasoline 
carried by this ship amounted, under certain circumstances, 
to about three tons, and the distribution of this load constituted 
a very interesting problem. In the first ship it was carried in 
a number of tanks attached to either side of the top lobe at a 
convenient distance above the top ridges. Access to tanks was 
obtained through the gun tube, which passes up through the 
centre of the ship, and then down a ladder way to a walking 
way along the top ridges. It was not, however, considered 
desirable that a man should have to be sent on top of the ship 
every time it was desired to turn on an additional gasoline 
tank, and arrangements were made to lead wires from the 
power unit round the surface of the envelope to each individual 
tank. This method operated satisfactorily, but difficulty was 
experienced with the hose conveying the gasoline from the 
tanks to the car. The weight involved in the whole installation 
was also considerable. An alternative scheme was therefore de- 
signed and installed in the next ship. This provided large 
90-gal. gasoline tanks drawn up through the under surface of 
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the envelope and suspended from the two top ridges by inde- 
pendent internal rigging generally similar to the main rigging. 
It is an interesting point that in the first few ships these tanks 
were made totally of fabric lined with a special gasoline-re- 
sisting dope. Experiments on these tanks had been proceeding 
for a considerable time, and one tank had contained gasoline 
for over twelve months without serious loss of fuel or any 
apparent damage to the dope. It was found, however, after 
these tanks had been in use in several ships that an alteration 
in the constituents in the gasoline had included something 
which gradually softened the dope and caused cracking and 
leakage. As it was probable that further alterations in the 
gasoline might be made as the war proceeded, it was decided 
to be desirable to substitute aluminum tanks for these fabric 
ones, and metal tanks were, therefore, substituted in all later 
ships. 

The development of the rigid airship shows fewer obvious 
features, although it may certainly be claimed that the improve- 
ments in strength and details of construction have been very 
satisfactory. The most obvious change has been with respect 
to the main keel of the ship. This keel, it will be remembered, 
has primarily to distribute the loads carried by the ship to the 
main transverse frames of the hull. In the earlier ships (as 
was the case in Germany) this keel was an external one of 
triangular section. Our next development was to eliminate the 
distinctive keel altogether, while in the R-33 class the keel has 
returned, but as an internal part of the structure. With a rigid 
airship it is possible to provide spacious accommodation, both 
in the engine cars and in the navigating cars. It is possible 
for a mechanic to walk all round his engine, and, except for 
certain parts below the level of the crankshaft, the whole of 
the machinery is as accessible as can possibly be wished. 

In addition to the space in the cars there is ample space 
along the whole length of the keel for the stowage of fuel tanks, 
bombs, or any other form of gear which may be carried. Searec- 
ity of space for the stowage of articles or passengers carried 
is a difficulty which in no way enters into the airship problem. 

It is considered as a result of experience probable that non 
rigids should, in future, be of circular section, this primarily 
beeause of the difficulty of adjusting and examining the in 
ternal rigging of the Astra type. This internal rigging is only 
necessitated by a concentration of load, and if this coneentra- 
tion can be avoided the extra complications should not be in- 
eurred. The loads carried are most conveniently disposed in 
side the balloonets, and can be earried by the fabric itself 
without any form of rigging whatsoever. 

A further advantage from the pilot’s point of view is that 
the position of the load or the air which replaces it when dis 
charged does not vary and the trim of the ship is not affected. 


Airship Handling 

Certainly one of the most interesting parts of airship engi 
neering is connected with the handling of ships when they are 
not in flight. The problem of anchoring, mooring, towing, 
moving them over the landing ground into the shed, or securing 
them in temporary shelter, is one calling for as much resource 
and ingenuity in development as the construction of the ships 
themselves. 

An airship, as you all know, makes her landing by flying 
slowly up to a landing party collected on the ground. She 
drops her trail rope, which is taken by the landing party, led 
through a pulley block secured to the ground, and then used 
to haul the ship down until she can be taken in hand by the 
party. A number of guys, led from suitable points along the 
length of the ship, are then manned by detachments of the 
landing party, and the ship secured in this way can be moved 
about in any direction. This operation presents little difficulty 
so long as the ship is kept carefully head to wind. The direc 
tion of the length of the shed is, however, fixed, and it may well 
happen that the wind is blowing across the entrance to the shed. 
Under these circumstances it is necessary to turn the ship 
broadside to the wind in order to get her into the shed. 

The process of entering the shed offers very considerable 
difficulty. A sideways force on the ship is many times greater 
than that due to the same wind truly end on. In the neighbor- 
hood of the shed the wind is very seriously disturbed and forms 
large eddies. In many cases wind sereens have been erected 
in order to break the force of a wind across the mouth of the 
shed, but it appears very probable that the unsteady flow pro- 
duced by these screens renders the ship more difficult to handle 
than she would be if no screens at all were provided. In order 
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to deerease the disturbance caused by these screens, certain of 
them have been constructed with large gaps left at intervals, 
and others have been covered with expanded metal instead of 
corrugated sheeting. Both these devices tend very greatly to 
reduce the eddies formed by the sereens. 

The diffieulty in handling the ship appears to be very largely 
due to gusts and variations in the strength of the wind, and also 
to the vertical component which the wind may have derived 
from the motion over sheds or screens and which tends to drive 
the ship down on to the ground. 

Present opinion appears to incline to a complete absence of 
wind sereens and the provision of side rails and travelers to 
which the guys of the ship can be attached. The difficulty of 
taking ships into their sheds must not, however, be unduly 
magnified, for ships working at patrol stations have frequently 
been taken into their sheds in winds of 35 m.p.h. “Winds such 
as this would, of course, cause considerable risk to a rigid ship 
of the largest type. 

Mooring 

Shortage of materials and the delays in shed construction 
rendered it necessary that, in order to provide the great in- 
erease of airship bases required for the anti-submarine cam- 
paign, temporary arrangements should be made for mooring 
out the smaller airships. A very satisfactory means of arrang- 
ing this was found by selecting suitable woods and cutting in 
them alleys leading up to small, cleared spaces in which air- 
ships could be secured and protected from the wind by the 
trees. As long as trees of sufficient height were available it 
was found that this system proved most satisfactory, and many 
small mooring-out camps were established and satisfactorily 
protected their ships against winds of over 60 m.p.h. 

The size of ships which can be protected in this way is, of 
course, limited by the height of trees. Other arrangements for 
mooring ships are, therefore, necessary. 

Single Wire Mooring—The most obvious method of securing 
a ship to the ground is to attach her by a wire led from a 
suitable point in the ship to a fixed point on the ground. When 
secured in this way it is found that an airship requires constant 
attention and steering in order to render her reasonably steady. 
[t is found that considerable improvement is obtained by add- 
ing to the wire a dragging weight, or, when secured over the 
water, a drogue, which will, to a considerable extent, check, 
although not rigidly resist, the lateral motion of the bow of 
the ship. Variations in wind force are satisfactorily taken up 
by trimming the ship so that she lies at a small upward piteh. 
Any increase in wind force then causes an inerease in her lift 
quite adequate to balance the increase in her resistance. 

Three-Wire System--An improvement on this single-wire 
system consists in securing the mooring point of the ship to 
the head of a pyramid formed by three long wires. The lift 
of the ship raises these wires off the ground, and if she is given 
a slight upward pitch she is able to resist the action of a steady 
wind. This system has proved very satisfactory. 

Mast Mooring—In both the foregoing systems there is con- 
siderable difficulty in changing crews or pumping water or gas 
into the ship. A much more convenient arrangement is made 
by securing the ship to the head of a comparatively short mast. 
Two methods of doing this have been proposed. The most 
obvious one is to secure the ship by her extreme bow point. 
This is a simple matter in the ease of a rigid ship, but a non- 
rigid requires reinforcement at the bow. 

Towing 

The first towing experiment was carried out in 1912, when 
one airship broke down and was towed home by another. The 
towing ship landed alongside the disabled one and a wire was 
taken from her to a suitable point on the latter. The ships 
then rose, and no difficulty was experienced in the towing oper- 
ations. This operation in itself has not been used since, but 
it offers attractive possibilities for conveying large weights of 
material at a comparatively slow speed, when the airship tug 
may tow a number of air barges after her. 

The principal use which has been made of towing during the 
war is to tow an airship from a light cruiser or patrol boat. 
This operation in itself presents no serious difficulties. The 
ordinary trail rope forms a satisfactory tow line, but it is abso- 
lutely necessary that the airship should be continuously steered 
while in tow. It has often been suggested that an airship which 
could be towed without its erew would be of considerable value. 
Although such a process is possible with a kite balloon, the 
airship, which possesses considerably less directional stability, 
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and also has no automatic gear for maintaining the pressure, 
would have to be radically altered before she would be suitable 
for towing empty. If altered so as to be stable enough to tow 
without crew, she would scarcely be satisfactory for ordinary 
flight. 

Anchors 

The problem of anchoring a ship, that is, securing her with- 
out the assistance of men on the ground, is one which is mainly 
of importance if it is necessary to prevent an airship drifting 
when broken down. Various forms of grapnel have been used 
from free balloons for many years, but an airship, which is 
many times greater weight, is found to acquire such momentum 
when drifting that she will pull out or break any ordinary 
grapnel. The problem of getting hold of the ground from an 
airship above is much more difficult than appears at first sight. 
An ordinary grapnel will be dragged a considerable distance 
before it catches a tree or anything giving a suitable hold. 

A proposal was made many years ago that the airship should 
fire a form of harpoon into the ground and ride to that as an 
anchor. This question was again raised in 1916, and rough 
designs were therefore prepared to determine the best form of 
harpoon which would sink into the ground and then open so 
as to exert considerable resistance to being pulled out. The 
principal difficulty lay in obtaining sufficient penetration, and 
experiments were, therefore, carried out to determine the form 
of head which would give the best penetration. Several sam- 
ples were dropped, and at.the conclusion of the tests attempts 
were made to pull the dummy anchors out of the ground. This 
proved a very difficult business, and the idea of a solid grapnel 
which would penetrate the ground sufficiently far to jamb itself 
securely obviously presented itself. Considerable success was 
obtained. The head of the anchor was made of cast iron with 
a long, tubular shaft, and the wire was secured to a point close 
under the head. When this anchor had penetrated the ground 
to a considerable distance and the ship had drifted so that the 
pull came fairly oblique, the wire eut into the ground and 
tended to pull the whole grapnel sideways. To such an action 
a very satisfactory resistance was obtained. It was still, how- 
ever, found that a heavy ship drawing her trail rope suddenly 
taut against a grapnel such as this, either parted the trail rope 
or ran considerable risk of damage to the mooring point of the 
ship. It was, therefore, necessary to devise some suitable means 
of gradually absorbing the energy of the drifting ship without 
producing any excessive impulsive tension on the rope. 

The problem of anchoring over the sea is a comparatively 
simple one. An ordinary drogue, formed much like a para- 
chute, has quite a satisfactory effect in reducing the speed of 
a drifting airship down to two or three knots. It was thought 
that if an anchor was dropped so as to be on the farther side 
of the drogue, the anchor would secure itself satisfactorily to 
the bottom of the sea, and the drogue would then act as a 
weight to resist the upward component of the pull of the ship. 
Under these cireumstances, however, it is found that the drogue 
which is kept moving through the water can easily be arranged 
to keep itself full. 

It is not easy to pull a drogue such as this out of the water 
when it is desired to get under way again, and a slip has, there- 
fore, been arranged whereby the drogue is secured to the end 
of the trail rope and ean be spilled from the ship. 


Meteorology and Aeronautics 


To perform meteorological work in the United States 
Army, both in this country and overseas, the Meteorological 
Section was authorized in July, 1918, as a regular section of 
the Signal Corps. 

The work performed by meteorological stations is divided 
into two classes: meteorological, that part of the work which 
is connected with observations on surface atmospherie con- 
ditions, and aerological, that part of the work which is eon- 
nected with upper air conditions. 

The meteorological work consists in observing and recording 
data concerning temperature, barometrie pressure, humidity, 
rain or snow fall, cloudiness, sunshine and surface winds. 
Continuous records of meteorological conditions are often kept 
from self-reeording instruments. 

The aerological work consists in taking observations on 
upper air data. At most stations this is limited to determina- 
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tions of the wind velocity and direction at various altitudes, 
generally known as wind-alofts data. The procedure in mak- 
ing a wind aloft observation consists in allowing a small 
rubber balloon inflated with hydrogen to ascend freely. Ob- 
servations on the position of this pilot balloon are taken at 
regular intervals by means of one or two specially constructed 
theodolites, and from the calculated path of the balloon the 
wind velocity and direction may be computed for each alti- 
tude the balloon reaches. Upper air soundings of this char- 
acter may be made to the limit of visibility, which averages 
from 6000 to 15,000 ft., depending upon weather conditions. 
The highest altitude reached by this means in this Service 
is about 1214 miles. The results of any observation are given 
out by telephone, radio, or by messenger, and in the form 
(units, ete.) desired. 

Up to the autumn of 1918 a considerable number of aero- 
logical stations had been established at the request of various 
branches of the military service and these were widely dis- 
tributed throughout the country. The assembling of upper 
air reports from these stations gave an opportunity to study 
the upper air currents over the United States, with a view to 
aiding aerial navigation. In order to do this properly, how- 
ever, it was necessary to obtain upper aid data from certain 
other points where no stations existed. Accordingly a number 
of additional stations were established. As mentioned above, 
certain daily observations are made simultaneously by aero- 
logical stations and the results telegraphed in special code 
form to the Weather Bureau at Washington. A series of 
maps are then charted, one for each of the following altitudes: 
surface, 250 meters, 500, 1000, 1500, 2000, 3000, and 4000 
meters. Each of these charts show the surface isobars and 
the wind velocity and direction at the corresponding altitudes, 
as reported from the observing stations. From these wind- 
aloft charts, used in conjunction with data from the regular 
Weather Bureau stations, bulletins are issued concerning the 
probable weather conditions for the following twenty-four 
hours, including the directions and velocity of the winds aloft, 


With reference to the value of upper air data to aviation, 
attention may be called to the following facts of common 
observation: (1) the upper winds are practically always quite 
different in direction and velocity from the winds at the sur- 
face (2) the wind velocity at altitudes as low as 3000 to 5000 
ft. is sometimes greater than 100 m.p.h. with little or no indi- 
eation of this state from surface conditions, (3) the wind 
velocity and direction are liable to sudden and large changes. 





Wrapped Airplane Struts 


The practice of wrapping airplane struts or wing beams with 
canvas developed under the supposition that such wrapping 
increased the strength of the members at critical points, pre- 
vented sudden failures, and kept out moisture. Wrapping 
has been advocated especially for cross-grained material in 
order to make available for airplane construction stock which 
would otherwise be rejected. 

Extensive tests have been made at the Forest Products 
Laboratory for the United States Air Service to determine the 
reinforcing value of such wrapping. These tests were made 
upon cross-grained struts of Sitka spruce and Douglas fir 
partly or entirely covered with Bakelized canvas or the 
standard cotton tape, and upon some of the same struts with 
the wrapping removed. . 

The conelusions reached from the tests were as follows: 

The addition of Bakelized canvas to cross-grained struts in- 
ereases the load somewhat but decreased the load per unit 
weight; it also increases the deflection and work to final failure 
and hence the shock-resisting capacity of the struts. 

Wrapping cross-grained struts with cotton tape according to 
standard methods has no appreciable effect on their strength. 
It is doubtful if any other methods of wrapping such as cord- 
ing would increase the strength properties very greatly. There 
is also the probability that any wrapping or covering will be 
loosened by weather changes. 

It is believed that canvas, tape, or cord covering is of less 
value than the same volume of wood, and since such a covering 
is likely to be heavier than wood it is of still less value when 
compared with the same weight of wood. 








Aeronautical Mechanical Engineer, 


The new edition of the Navy General Specification for Air- 
planes (No. 100-A), just issued, has been very completely 
revised and expanded to some 42 pages, including the index. 
This new edition is divided into five distinct sections (each 
covering a different phase), an appendix and a detailed index. 
These notes include comments only on subject matter which 
has been added to or changed materially from that in the pre- 
vious issue. 

Section I 

Section I covers substantially the same ground as the corre 
sponding section of the previous issue. The section has been 
rearranged, however, and some minor changes have been made. 

Performance calculations (Par. 12) are required to be based 
on standard density, using the value .0768 lb. per eu. ft. for 
the weight of air. As tunnel tests are usually reported on 
such a basis, this requirement simply serves to hold engineers 
to a definite and aecepted standard. 

Section II 


Section II shows a number of changes, some of considerable 
importance, and the majority of which have been made with 
a view to facilitating production and reducing the confusion 
often caused by changes in design. 

Assembly jigs (Par. 28) are required to be approved by the 
Navy inspector. This requirement is made because of the pro- 
visions in Section IV, for the acceptance of parts such as wing 
panels, ete., without their being assembled to a machine. 

Production practice and changes (Pars. 36 to 40)—Produe- 
tion is now required to be carried on under a series of factory 
orders, each covering a percentage of the entire order, this 
percentage to be specified in contracts hereafter. This is, of 
course, the existing practice in many plants, but is now being 
made a requirement in all cases. Changes are divided into 
classes (a), (b), (¢), (d), in accordance with their impor- 
tance, and definite rules are laid down as to when and how far 
such changes shall be permitted to interfere with production, 
and on which factory order they shall become effective. This 
arrangement should go a long way toward clearing up some of 
the difficulties formerly encountered in handling changes dur- 
ing production. 

Weighing of parts (Pars. 43, 44, 45) 
required on the first three machines on any contract, or the 
first three embodying changes from the type originally called 
for on a contract. The center of gravity of such parts is also 
required to be ascertained. The Department Inspector is 
authorized to require the weighing of parts selected random 
from the regular production, if he deems it necessary in order 
to determine if the original weights are being maintained. 

Instruction booklets (Par. 47) covering the erection and 
maintenance of machines in the field are required to be 
shipped with each machine. 

Drawings of Wing Panels, ete. (Par. 
to show the areas in square feet for each unit. 
are likewise required to state the capacity of 
U. S. gallons. 


before assembly is 


{8) are now required 
Tank drawings 

each tank in 

Section III 

Section III contains some radical changes 
the paragraphs relating to power plants. 

Hulls and pontoons (Pars. 56 to 67)—Watertight subdivi 
sion of hulls and pontoons is required, but provision is left 
for the acceptance of modifications such as the H-16 type of 
hull. Drain plugs are required on all floats or watertight sub 
divisions of floats of any kind. Handholes not less than 4 in. 
in diameter are required similarly, excepting in the case of 
auxiliarly floats which are not constructed of wood. 

Bilge pumps or other means are required (Par. 60) for 
pumping water out of any compartment of flying boat hulls 


particularly in 


when adrift at sea. 
Walkways (Par. 63) 

toons when necessary, 

plainly marked 
Propeller clearances (Pars. 68 to 71) 


-These are required on hulls and pon- 
and their outlines are required to he 


are governed by the 
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type of machine and the service for which it is intended, the 
following minimum clearances being required: 
Land type minimum clearance between propeller top and 


EP PPewrrrrerr yer ct Terre. jus edeae ses 9 in 
Water type minimum clearance between propeller top 

PPT rr ee ee eaeedan sacs 18 in. 
Either type minimum clearance between propeller top 

and surface, such as tops of hulls, ete............. 2 in. 
Either type minimum clearance between tips of pro- 

pellers turning approximately the same plane..... 12 in. 


Cockpits (Par. 76) are required to be provided with a suit- 
able windshield, preferably ot Triplex glass or equivalent. 

Shock-absorbing means incorporated in the safety belts and 
life preserver cushions are given preference. The writer has 
known of cases where well designed safety belts with shock 
absorbers would have very probably saved the lives of occu- 
pants in erashes. 

Engine housing (Pars. 77 to 83)—The provision of the 
ventilated housing, from which the supply of air may be com- 
pletely eut off in case of fire, is encouraged. Fire-extinguish- 
ing means in the engine housing and operated from the pilot’s 
“an extinguisher under 

is suggested. 
hand eranks or 


are required. The use of 
that is, of the Pyrene type- 
Kither 


cockpit 
pressure ” 
Starting facilities (Par. 85) 
starters are required. 
Water-cooling (Pars. 86 to 94)—With a view to 
eliminating the evaporation of water, preference is given to 
expansion tanks provided with safety valves set 
pressure instead of open 


power 
system 


radiators or 
to release at 2 to 3 Ib. per sq. in. 
vents. 

Hinged filler caps which are held closed by a snap wire or 
similar means are given preference over screw caps. Experi- 
ence has shown that the threads of screw caps were easily 
damaged and that the caps were very often lost due to the 
safety chain parting. 

New radiators are required to be tested for leaks by — 
immersion in water while filled with air at a pressure of 8 lb. 
per sq. in. As the department has experienced trouble from 
leaks developing in radiators while in storage, the inspector 
is authorized to require that this test be repeated after radia- 
tors have been stored for a time. 

A thermometer is required for 
bulb to be located in the outlet 
“ other approved locations.” 
Coarse 


water-cooling systems, the 
pipe near the cylinders or 


Fuel systems, etc. strainers, 15 to 20 mesh (Par. 
104) are required in each tank at the outlet therefrom, and 
a water trap combined with fine mesh strainer (Par. 111) is 
required in the piping system as accessible and as near the 
earbureter as practicable. The tank strainers being difficult 
to clean, it is intended to use them only to prevent particles 
of rust, solder, ete., from getting into the pipes. The strainer 
and trap near the carbureter, being easy of access for cleaning 
regularly, is to be relied upon to keep the dirt out of the ear- 
bureter. 


Pipes are required to be marked (Par. 112) in accordance 
with the following system: 
(a) Fuel pipes: Rep. 
(b) Oil pipes: WHITE. 
(c) Air (except starter) pipes: BLUE. 
(d) Water pipes: YELLOW. 
(e) Starter pipes: BLackK. 


Controls—Engine Controls (Par. 120) are required to be 
positive in operation; the use of push-and-pull rods, double 
wires, torsion rods or tubes being permitted. 

In order to enable the pilot to distinguish between the spark 
and throttle control levers (Par. 133), the former is required 
to have a cylindrical handle 1 in. in diameter and 214 in. long, 
while the latter is required to have a handle consisting of 
ball 1% in. in diameter. 

The direction of motion for all controls is defined 
121), the definitions systems at 
standard in this country. 


(Par. 


conforming to the present 
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Control Pulleys are permitted to have (Par. 125) either ball 
bearings or selt-lubricating bushings. Self-lubricating bush- 
ings have the advantage that they need practically no atten- 
tion after being installed, and are preferred by some con- 
structors, but were formerly not accepted by the Navy De- 
partment. 

Instruments having magnetic fields are required to be at 
least 3 ft. away from the compass (Par. 131). 

Automatic cutout—Preference is given to the installation 
of automatic engine cutout devices for shutting down the 
engines in event of excessive vibration, such as will be caused 
by a propeller bursting or similar trouble. 

Wings and control surfaces—Provision is made (Pars. 147 
and 166) for the submission to the Bureau of Construction and 
Repair, for approval, of substitutes for fabric covering. 
Considerable experimental work has been done in this country 
with plywood used for surfacing, and, while this has not been 
developed to the point where it can be used in place of fabric, 
it appears possible that a new type of wing construction, 
using such a material for surfacing, might be developed. 

Suitable grips for use in handling the machines are re- 
quired, as also are mooring rings (Par. 150). 

Means for maintaining in flight the curvature of the upper 
surface of leading edges of wings are required (Par. 151). 
The use of plywood, bentwood strips, or intermediate ribs is 
suggested for this use. 

Walkways are required on wings where necessary (Par. 
152), and, as in the case of walkways on hulls, the outlines are 
required to be marked. 

Rib spacing is left largely to the designer, but certain upper 
limits are fixed (Par. 164), as French investigation showed 
that too large a distance between ribs caused the fabric to 
fail at the points of attachment. The spacings given are as 
follows: 


| Maximum Rib Spacing—Center Line to CenterLin« 
Max. Speed of Machine | 





In Slip Stream 


Out of Slip Stream 





Up to 100 m.p.h..... 15 in. 18 in. 
Over 100 m.p.h...... 12 in. 18 in. 


Struts—A bow of ;s in. is permitted in steel struts and a 
formula is given for an allowable bow in wood struts (Par. 
171). The constant C in this formula varies with the slender- 
ness ratio of the strut—according to a table of values given, 
which has been based on an investigation by the Forest Prod- 
ucts Laboratory at Madison, Wisconsin. The formula and 
values given permit a bowed strut to be aceepted which has not 
less than 95 per cent of the strength of a straight strut of the 
same dimensions and material. 

Copper sheathing of wood parts (Par. 174) is permitted 
under two conditions only, viz: 

(a) Where chafing is liable to exist in service. 

(b) Where fittings are liable to be frequently removed and 
replaced. 

As a number of contractors have been in the habit of copper 
sheathing wood parts rather indiscriminately, these require- 
ments will cause the elimination of sheathing in some loca- 
tions where it is at present used. 

Turnbuckles on the assembled machine are limited to show- 
ing “three threads in or out” (Par. 177). This requirement 
may appear unnecessarily strict, but it was found by the Navy 
Department to be quite practical on production work, al- 
though it is doubtful if it could be lived up to on experimental 
machines. 

Stream-line or swaged wire when used is required to be in- 
stalled so that the right-hand thread is on the lower end 
(Par. 182). 

Section IV 

Wing Connections used on the lower front and rear main 
wing spars are required to be checked for strength by making 
a destruction test on three specimens of each (Par. 213). 
These connections have been found in some eases to fail at 
considerably less than the ultimate load designed for, due to 
several causes—tlhe most important possibly being improperly 
proportioned distribution of stresses. 

Section V 

Interchangeability—Jigs are required to be used (Pars. 242 

to 244) to obtain interchangeability of parts, and the follow- 
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ing parts are required to be interchangeable with similar parts 
from one machine to another of the same model: 

(1) Each individual wing panel, complete with fittings. 

(2) Completely assembled wing structure, either right or 
lett. 

(3) Ailerons (complete). 

(4) Rudders (complete). 

(5) Elevators (complete). 

(6) Horizontal stabilizers (complete). 

(7) Vertical fins (complete). 

(8) Struts of similar size and form used in any part of 
machine. In the ease of wing struts it is preferred 
that they be interchangeable when complete with end 
sockets. 

(9) Completely assembled underearriages. 

(10) Axles. 

(11) Wheels. 

(12) Tires. 

(13) Skids, wing, tail, or others. 

(14) Floats of similar size and form, main, wing, tail or 
other without struts. 

(15) Bomb-releasing gears (complete). 

(16) Gun mounts (complete). 

(17) Engines complete as furnished by the engine manu- 
facturer. 

(18) Cowling. 

(19) Propellers, without hubs. 

(20) Tanks of similar size and form, gasoline, water, oil, 
or other. 

(21) Radiators, water or oil. 

(22) Rudder-control foot bar or pedals. 

(23) Control handwheel. 

(24) Complete control column, bridge or stick. 

(25) Control arms or horns of similar size and form. 

(26) Control wire fair-leaders of similar size and form. 

(27) Control pulleys of similar size and form. 

(28) Safety belts (complete). 

(29) Truss wires of similar length, size and material. 

(30) Wing shields. 

(31) Such other parts as should be interchangeable in the 
judgment of the Inspector. 

In the case of a design where parts listed above are 
integral with other parts, the interchangeability re- 
quirement will be waived for such parts, but the 
parts with which they are integral must then be 
freely interchangeable from one machine to another 
of the same model. 


Steel tube frames of surfaces which are liable to come in 
contact with fabric surfacing are required to be enameled 
(Par. 257). 

Brazing by means of the oxy-acetylene flame is prohibited 
(Par. 261) on aecount of the danger of over-heating the metal 
and the consequent introduction of local stresses. 

Soldering with other than a stearie acid and rosin flux is 
prohibited (Par. 263). Practically all commercial fluxes con- 
tain zine chloride, which compound has an affinity for water, 
and consequently causes corrosion if permitted to remain on 
the metal. On account of the difficulty of removing completely 
all of such fluxes, the Navy Department has required the use 
of this stearie acid and rosin flux. 

Wires and cables are required to be “proof stretched ” 
(Par. 268), after being made up. The Navy Department Air- 
eraft Wire and Cable specification requires that the proving 
load be equal to 60 per cent of the ultimate strength of the 
wire or cable. 

In order to avoid the creation of unforeseen stresses, wires 
or cables which cross each other are not allowed to be fastened 
together (Par. 269), but the use of separating means which do 
not restrict their motion is permitted. 

Fabric surfacing (Par. 272 to 294)—Details of seams to be 
used on fabric surfacing are given, and fabrie is required to 
be applied to wings and control surfaces with the filling or 
cross threads at 90 deg. to the ribs instead of 45 deg., as has 
been customary. This somewhat radical requirement has been 
based on the results of French investigations, which showed 
that the stretch of the filling threads is less than that of the 
longitudinal threads for the same load. These investigations 
also showed that for any reasonable spacing the ribs were 
amply strong and the governing factor was the stretch of the 
fabrie under load. This stretch is kept down to the minimum 
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when the fabric is applied in the manner now required. This 
method of application also has the advantages otf facilitating 
production and saving a little material. 

Attachment of fabric to ribs is required to be accomplished 
by means of the lacing method, which is practically in general 
use in this country at present. The loops around ribs, how- 
ever, are required to be not more than 2 in. apart, and either 
a rattan strip or reinforcing tape required to be used under 
the lacing. 

Fabric covering of struts is not permitted (Par. 298), this 
ruling being based on the results of investigations which show 
that such practice did not increase the strength of the struts 
and gave a slightly heavier strut for the same strength. The 
use of a band of tape about the mid-section of laminated 
struts is, however, required as a slight additional protection 
against failure due to faulty glueing. This tape is required 
to be cemented in place with glue (preferably casein), as dope 
has been found to be of little or no value for fastening of 
fabrie to wood. 

Doping and finishing of wings (Pars. 300 to 302 
required to be done by applying two coats of cellulose acetate 
dope, followed by two to four coats of cellulose nitrate dope, 
after which the surfaces are required to be finished with Naval 
Gray enamel, two coats of enamel being given to all vertical 
surfaces and to upper sides of horizontal surfaces and one 
coat to the lower sides of horizontal surfaces. Since this speci- 
fication was issued, the Navy Department (in consideration of 
the fact that low visibility is not of importance under peace 
conditions) has waived the naval gray enamel finish in favor 
of an aluminum enamel, which, due to its highly reflective 
qualities, greatly decreases the temperature of the fabric in 
southern climates, thus prolonging its life. 

Galvanizing or zine coating is now the only kind of plating 
permitted (Pars. 310 to 313), although any method of apply- 
ing this plating may be used. Zine has been found to be the 
only metal which affords satisfactory protection to steel 
against corrosion. 

Exposed structural wires, cables, etc., are required to be 
coated with spar varnish tinted with Chinese blue (Par. 314) 

Internal structural wires, cables, ete., are required to be 
painted with Naval Gray enamel (Par. 315). 

Control Wires are required to be coated with an approved 
grease (Par. 316) 


Is now 


Section VI 
Acceptance of production machines—Provision is made 
(Pars. 322 to 325) for the acceptance of production machines 
without their being completely assembled, provided that proper 
jigs are used. The inspector is, however, given authority to 
require operation of the power plants where he deems this 
advisable. 
Section VII 
This section contains several reference tables on the strength 
of struts, including a table (No. 3) giving the strength of 
tapered struts in relation to that of parallel struts. A table 
of strengths and weights, ete., of a number of different woods 
is also given. 
Index—The index is a new feature which was found neces- 
sary on account of the increased size of this edition, and will 
no doubt be found very helpful in locating information. 


Desirable Developments 


The equipment Section of the Engineering Division, Air 
Service, have certain devices, appliances, ete., which they 
desire to develop. The following list is printed in order that 
inventors and designers may become familiar with some of 
these problems. 

Gasoline Tanks.—A tank is desired which will withstand a 
salvo of fifteen shots fired at a range of thirty yards, the 
ammunition consisting of calibre 30, equally mixed, service, 
tracer, incendiary, and armor-piercing bullets fired through 
the tank at the most vulnerable angle without fire occurring, 
in ten consecutive tests on as many tanks. Naturally, the 
weight should be kept as low as possible, and the maximum 
limit is about 75 per cent more than usual standard tank 
weight. Information will be furnished to anyone who desires 
it regarding previous experiments. 

Air Bag Floats, Landing Skids, ete-—The object of these 
devices is to prevent machine from capsizing when landing in 
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water, then remaining afloat. The British have made a fair 
success using these floats, but it would be desirable to have 
people in this country start thinking about it. 

Portable Hangars for Field Service——The present hangars, 
usually made of canvas, are unsatisfactory, and the usual 
drawbacks are either that they blow down in winds or 
that they leak or hold water in pools, or are too small. 
Any such hangar should be capable of housing at least four 
De Haviland planes with room enough left for working on 
them. They should incorporate the necessary wiring for 
electric lights and plugs for extension lamps. 

Gasoline Supply Gauges—Mueh is to be desired with regard 
to a suitable gasoline supply gauge. The gauge should be 
responsive, serviceable, and aceurate to the last one-half 
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gallon. At present, the mounting for the gauge can be left 
on the tank, as it is thought that the mounting on the dash 
board will offer too many complications, unless done electrical- 
ly. 

Central Electric Power Plant.—By this is meant the design- 
ing of a single generator and battery which will furnish the 
power required for the radio installation, the heating and 
lighting installation, the electric starter, the ignition, the motor 
driven camera; together with the necessary, perhaps, trans- 
formers to supply these various apparati with the electrical 
energy needed in its proportion and kind, This is to be engine 
driven in some way and this will do away with the head 
resistance of the various wind driven generators now used. Of 
course this must, as it most surely will, manifest a saving in 
weight. The motors for which this is most desired are the 
Liberty-12 and the Hispano-Suiza 300 hp. Two ideas are 
desired, viz.: the application to engines already produced, 
and simpler design to be incorporated in engines to be pro- 
duced in the future. 

Mobile Independent Cranking Device.—This device is to be 
an electrically driven cranker for planes not equipped with 
self-starters and is to be mounted on a motor truck. It is to 
be used at aerodromes in the following manner: the truck 
would be backed up to the front end of any airplane, a 
flexible arm attached to the propeller, and the electrie energy 
be brought into play to crank the engine and cause the engine 
to begin firing. When the engine picks up, the device should 
be automatically thrown out of connection with the pro- 


peller. 


T * . 
New World’s Height Record 

Sub-Lieutenant Cazale, of the Freneh Air Service, who 
established on June 7 a new world’s altitude record by reach- 
ing an altitude of 9,500 m. (31,160 ft.), broke his own record 
on June 14 by climbing 10,100 m. (33,136 ft.) in 55 min. The 
machine used in the first of these flights was a Nieuport type 
29 biplane, fitted with a 300 hp. Hispano-Suiza engine. 


_ . o 
First Municipal Aerodrome 

The Albany Chamber of Commerce, through its executive 
manager, Roy S. Smith, announces the opening of the Quentin 
Roosevelt Memorial aviation field, the first municipal aero- 
drome in the United States. It is a four-way landing field and 
is provided with devices for showing the direction of the wind. 
Announcement is made that it is a free landing field and an 
invitation is extended to all aviators to drop in at Albany. 
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ESTABLISHED 1832 
. + 6a. 
The Varnish That Won't Turn White W. P. Fuller & Co., San Francisco and Principal Pacific Coast Cities 
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AIRPLANE ENGINES 
HAVE BEEN FLYING FOR TEN YEARS 
They are the product of skilled 
engineering and manufacturing 


experience running through 
three generations. 


Latest types are now available 





Sturtevant Model 5A—414 Our new Catalog, No. 259, will interest you 


B. F. STURTEVANT COMPANY 
HYDE PARK, BOSTON, MASSACHUSETTS 

















a counterbalanced aviation 
crankshaft.... 


Patented July 10th, 1917 


one of the 18 different 

models we are now making 

for 14 aviation motor companies. . . 
reduces vibration and eliminates bearing pressure 


We have shipped 46,637 Aviation Crankshafts to January 16, 1919 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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“THE SEAGULL’’—Sport Seaplane 


L-W-F ENGINEERING COMPANY, Inc. 


COLLEGE POINT, L. I. 





























Areroplanes 
VoUGRT 


@ Vought VE-7 Type airplanes, adopted by the U. S. Army Air 
Service for its standardized advanced training airplane, are now 
available for sportsmen and commercial use. 


@ Equipped with Hispano-Suiza 150 H.P. Motor. 


Performances Guaranteed—Immediate Delivery 


LEWIS & VOUGHT CORPORATION 


WEBSTER and SEVENTH AVENUES LONG ISLAND CITY, N. Y. 
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THOMAS.-. 


MORSE 


Tandem 
2- Seater, 
Type S-6 


Equipped with 
80 hb. p. 

Le Rhone 
Engine. 


High speed, 
105 M. P.H 


Landing speed 
35 M. P.H. 


Climb 7,800 ft. 
in first ten 
minutes. 


























THOMAS ~MORSE AIRCRAFT CORPORATION 








ITHACA ,N.Y.U.S.A. 





STRENGTH 
SERVICE 


| WHEEL Co} 


CLEVELAN 
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MERCHANTS FIRE ASSURANCE CORPORATION 


MERCHANTS FIRE ASSURANCE CORPORATION OF NEW YORK 


OF NEW YORK 





AVIATION DEPARTMENT 


Is now issuing policies covering the following hazards to aircraft: 


|. Fire and Transportation 
2. Collision (damage sustained by the plane itself) 
3. 


Property Damage (damage to property of others) 
Additional coverage may be had against loss by windstorm, cyclone or tornado. 


Austen B. Crenore, Manager, Aviation Department. For two years pilot 
in Lafayette Flying Corps and previously with this company since 1910. 


We should be glad to discuss with those interested the various phases of insurance on Aircraft. 


45 JOHN STREET, NEW YORK CITY 


Fire—Automobile—Tornado—Explosion—Riot and Civil Commotion 
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ADDRESS BUREAU OF STEAM ENGINEERING, NAVY DEPARTMENT. 


AND REFER TO NO. 419433 -736 -5=-DA 


NAVY DEPARTMENT. 
ENCLosURgs. BUREAU OF STEAM ENGINEERING, 


WASHINGTON. D. C. 


MAY 24 1919 


Gentlemen: 


The bureau desires toe ess its apprec- 
jation of the splendid eeceenvetien eacautiin aan 
hibited by your organization when you were called 
upon to build, in the period between 4 P.M, Satur- 
day, May 10th, and 7 P.M. Monday, May 12th, twelve 
10 ft. propellers for installation on the NC-l 
NC-3 and NC-4 flying boats in their flight from 
Newfoundland. 


The very successful menner in which you 
complied with this difficult request established 
@ record of which you may well be proud. 


- 


= 


Very respectfully, 


° © 


Enginser-in-Chief, USN. 
Chief of Bureau, 








Amerioan Propeller & Mfg, Co., 
Baltimore, Md. 
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Latest photograph of THE ACE, taken dur- Write for new descriptive folder, containing 
ing daily flights at Central Park, L. I. more photographs and full specifications. 


Price $2500 


“Gen. Mar.” AIRCRAFT ENGINEERING CORPORATION © > sast’tind ave,". x. 


N. W. Dalton, : ’ 3! Factory A 
Chf. Engr. Sales Offices: 220 West 42nd St., New York 535-7 East 79th Street 
Horace Keane, Factory 


Sales Mgr. Flying Field, Central Park, L. I. 417-9 East 93rd Street 


America’s First After-the-War Airplane Designed Essentially for Civilian Use 
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CASEIN | Aldgate Casein Works 


—_$<—$——— 


| NIEUWHOF, SURIE & CO., Ltd. 


Head Office: 
| 5, Lloyd’s Avenue London, E. C. 3 





| To get the Best Results with 
THREE-PLY VENEERING, &c., 


the adhesive mixture must contain 


REGISTERED TRADE MARK | P LY O L 


_ § Avenue 34 Telegrams: 
CA S E } N Telephones: \ Avenue 35 “Suricodon, Fen, London” 
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WHY “BELLANCA”? 











WHY “ANZANI” ENGINE? 











WHY “TWO-SEATER”? 








HARRY E. TUDOR, Sales Manager 





FOR REASONS, SPECIFICATIONS AND ALL INFORMATION :— 


MARYLAND PRESSED STEEL CO. (AIRCRAFT DEPT.) 
299 MADISON AVENUE, NEW YORK CITY 











} 


Partial list of material and 
equipment carried in stock: 


Materiais GAUGES 
CABLE INSTRUMENTS 
DOPE LANDING WHEELS 
ENAMEL PROPELLORS 
FABRICS RADIATORS 
id GASOLINE HOSE SAFETY BELTS 
e LACING CORD SEATS 
: PAINT SHACKLES 
) RADIATOR HOSE SPARK PLUGS 
i TUBING STICK CONTROL 
| VARNISH STRUT FITTINGS 
> WIRE, AIRCRAFT TANKS, GASOLINE 
) wooD THIMBLES 
: THROTTLE CONTROL 
Equipment TIRES AND TUBES 
BOLTS AND NUTS TURNBUCKLES 
< CONTROL PULLEYS COCKS GASOLINE 


ENGINES WHEEL CONTROL 








AIRCRAFT PARTS 


AND 


EQUIPMENT 


EXCEUSIVELY 


Spare parts and materials of all kinds, in any quantity, 
for all makes and types of airplanes and seaplanes are 
now available for immediate delivery. 

We are exclusive distributors of parts and equipment 
for Canadian Training Airplanes. 

Permanent warehouses have been established in New 
York and Chicago for your convenience. 


Catalogue and price list will be mailed on request. 


Aircraft Materials & Equipment Corporation 
1409 Sedgwick Avenue, 
NEW YORK 


Western Branch 
514 Westminster Building 
Chicago, IIL 
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Aluminum Company of America 


General Sales Office, 2400 Oliver Building 
PITTSBURGH, PA. 


Producers of Aluminum 








Manufacturers of 


Electrical Conductors 


for Industrial, Railway and Commer- 
cial Power Distribution 

also 
Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 


also 


Litot Aluminum Solders and Flux 


CANADA 
Northern Aluminum Co., Ltd., Toronto 


ENGLAND 
Northern Aluminium Co., Ltd., London 


LATIN AMERICA 
Aluminum Co. of South America, Pittsburgh, Pa. 
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Ne. 2B PLAIN MILLER 
Single Pulley Drive 


12 changes to spindle jo. 9 taper in spindle. 
6 changes to vach speed Tbe 83 x 37’ 
Hardened machine steel gears throughout insure 
maximum driving power at all speeds. 
We also build Universal Millers, Dividing Heads, 
Vertical Attachments and Vises. 


Write for Circu.ar 


THE FOX MACHINE COMPANY 
1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Rapids, Mich. 











JOURNAL 


Formerly Air Service Journal 


HE “National Aero- 
nautic Weekly”? which 


covers accurately and thor- 
oughly all the news of 
aeronautics the world over. 


Fifty-two consecutive issues 
of Aircraft Journal means 
a record of all happenings 
aeronautic for a year. 


A year’s subscription to 
Aircraft Journal is two 
dollars. A six months’ trial 
subscription is one dollar. 


AIRCRAFT JOURNAL 
22 East Seventeenth St. 


New York City 


Subscribe by Mail 
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A Surety of Service 


For unfailing continuous ignition service 
insist on Bosch Magneto Ignition. 





The continuity of a power stream is a life or 
death necessity to the pilot, and continuous 
power is absolutely dependent upon ignition. 


A Bosch Magneto on the Airplane you make 

or fly will mean a self contained dependable 
source of Rip Roaring Bosch Sparks which 
get all the power from all the mixture. 


Be Satisfied. Specify Bosch. 


AMERICAN BOSCH MAGNETO CORPORATION 
Main Office and Works: SPRINGFIELD, MASS, 


Branches: More than 


New York, Chicago, 200 Service Stations 
in Over 200 Cities 
AMERICA’S SUPREME IGNITION 


Detroit, San Francisco 





SYSTEM 


Hoisting Efficiency 


Hook a Yale Spur-Geared Chain 
Block into a Brownhoist Steel-Plate 
Trolley, install it on an overhead track, 
and you secure Maximum Efficiency. 

Almost every load is lifted to be moved 
away. 

‘The Brownhoist Trolley Steel Con- 
struction —as inthe Yale Spur-Geared 
Chain Block, maintains the highest 
factor of safety. 





*From-Hook-to-Hook-a- 
Line-of-Steel’ 


Catalog 18D tells all—or ask your 
Machinery Supply House. 





For a Factory Locking Equip- 
ment use a Yale Master Key 
System, 


Write for Particulars 


The Yale & Towne Mfg. Co. 


9 East 40th Street New York City 
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Experience has demonstrated that 
only the soundest engineering principles, 
when applied with practical ingenuity, 
are required for the creation of suc- 
cessful aeroplanes of advanced design. 





Loening Aeronautical Engineering Corpn. 
351-355 West 52nd Street 
New York 
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MANDFACTU RED BY 





| DALTON MANUFACTURING OO) 44O) 7 ORR 


NEW YORK U.S.A. CABLE, ADDRESS“ALEDAL’ NEW YO 
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4 
Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 











Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 


; FOR NAVAL AVIATO RS. | ame Srmvees Se re oe eee 


WATERMEN 


IMPREGNABLE TO COLD, WIND, and WATER ani in simegs-eaiberm. 

Papeearees merch a daa When you see a speed or distance record 
SAVES from DROWNING and EXPOSURE broken by Aeroplane, Racing Automobile, 
: | aR SOUR gee teed by Be SS. Samy ond Mew Truck or Tractor Motor, you will find 

that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL C0.,34 Commerce St.,N.Y. 





























FUEL LEVEL || SPRUCE LUMBER 
GAGES for 


Airplane Construction 





This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
. of military training 


OR twenty years we 
have been exclusive 
manufacturers of PACIF- 








— IC COAST SPRUCE 
Other types of gages LUMBER. Our product 
in large quantities is from the very best forests 
are “doing their of SITKA SPRUCE. 

bit” as part of the 

<9 gg Atos 0 We solicit your inquiries 
Warplanes. 


SPECIAL TYPES DESIGNED MULTNOMAH LUMBER 


FOR YOUR ESPECIAL NEEDS 


BOSTON AUTO GAGE CO. & BOX COMPANY 


8 WALTHAM STREET, _ BOSTON, MASS. PORTLAND OREGON 
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ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 

They possess every feature and qualifi- 
cation necessary for a high grade 
product. 


STRONG 
EFFICIENT 
DURABLE 
Used on the best American flying machines. 


Our engineering department is at your 
service. 


Rome - Turney Radiator Company 
Rome, N. Y., U. S. A. 








A Dependable Source Specializing on 


AIRCRAFT 
PRECISION SCREW 
MACHINE PRODUCTS 


Preferably parts of Nickel and 
Alloy Steels machined from 
Bar Stock, held to close toler- 


ances, hardened and ground. 


A character of work where ac- 
curacy and quality are the de- 
termining factors. 


Permit us to quote you on 
your requirements. 


ERIE SPECIALTY Co. 


Erie, Pa. 


New York Office, 8 West 40th St. 














*‘The Crankshaft Is the Backbone of the Engine. 


The Engine Cannot Be Better Than the Crankshaft.’’—N. W. A. 


We have (and propose to have) no catalogue or picture of the ‘‘Whipless’’ 


AKIMOFF CRANKSHAFT 


But we are prepared to give you certain guarantees as to its performance that will mean a great 
deal to you. 


VIBRATION SPECIALTY CO., Harrison Bldg., 


Philadelphia, Penna. 


N. W. Akimoff, Engineer and Manager. His initials (WW) Our Trade Mark 


Positively not connected with any other concern 
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QUALITY INSTRUMENTS FOR AIRPLANES 


Indicating Dial Type Thermometers for 
circulating oil and water. 


Fi Airspeed Indicators to determine buoy- 
OX BOR ancy and avoid stalling. 

52 gam a Oil Pressure Gauges 

Air Pressure Gauges 

The Foxboro line includes many other types of Indicating and Recording Instru- 
ments designed for all sorts of conditions and purposes. 

Bulletin No. BI-110 describes our Airplane Instruments. 

THE FOXBORO CO., Inc., FOXBORO, MASS., U.S. A 


New York Chicago Philadelphia Pittsburgh Peacock Bros. Montreal, Canada Birmingham San Francisco 














You can dispense with the 


WITTEMANN -LEWIS preliminary block test— 
AIRCRAFT ral aiduisaananaatee: 
COMPANY vers 


NEWARK, N. J. SPEED COUNTER 


AONUUUSUQEOU ARNAUD 





Main Office and Factory: 
Simply hold the Veeder against revolving propeller shaft; apply 
slight pressure the moment you start timing; release pressure when 


e ° minute is up. Clutch starts or stops recording mechanism in- 
Lincoln Highway stantly, giving accurate readings without use of stop-watch. 
Price, $3.00. 
near Passaic River Veeder Counters for recording the production of machines 


are standard for all industrial purposes. Write for booklet, 


Telephone, Market 9096 The Veeder Mfg. Co. 
56 Sargeant St., Hartford, Conn. 











LEARN TO FLY 


At the best equipped flying school in the country, where condi- D’Orcy’s Airship Manual 


tions are excellent for training purposes. 


ae Sees 2 wala “A singularly timely and useful work, 


x 5 S ° ° ° 
a gels a ie eo eee which does for the aerial navies of the 
ve an official observer for the Aero Club of America, : : 
so that all graduates may secure their certificate from the world something like what Brassey’s 
Federation Aeronautique Internationale. Annual does for the marine fleets.” —New 
The complete course costs but $450.00 and we furnish the stu- York Tribune, June 8, 1918. 
dent with a machine for license tests, with no breakage charges 
Free illustrated folder on request 
Billy Parker, Chief Instructor $4.00 
DEWEY AIRPLANE COMPANY, INC. THE GARDNER-MOFFAT CO., INC. 
Manufacturers of airplanes for sport, military and 22 East 17th Street New York 


commercial purposes. 
DEWEY, OKLAHOMA 
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PIONEERS IN THE MANUFACTURE OF PROPELLERS 





erly 


Form 
Batablished 1910 Pecelsior Prop. Co. 


We carry a large variety of propellers in stock. (No rejects.) 
Contractors to United States Government. 











AIRCRAFT INSTRUMENTS 


COMPASS : TURN INDICATOR 
BANKING INDICATOR - 
AIR DISTANCE RECORDER 


s WRITE FOR INFORMATION = 


PIONEER INSTRUMENT COMPANY 
380 CANAL STREET NEW YORK CITY 
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Half of the 
American airmen 
have proved the 


Berling’s worth. 











New York Flying School 
A LIMITED NUMBER 


OF 


SELECT STUDENTS 


are being enrolled for tuition at the above school situated 
within 30 minutes of Times Square (in New York State) 
under the instruction of American “Aces” and retired 
service instructors using modern military training ’planes. 
EVERY BRANCH of aeronautics, from ground mechanics 
to Cross Country flying with map and compass will be in- 
cluded in the course. 


COMPLETE COURSE 
including all flights for Civilian License $500.00 with no 
charge for breakage. 
For further particulars, apply by mail to 
D. I. LAMB (lately Military Aviator) 
11 East 38th Street New York City 
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Specialists in Heat- 
Treating Vanadiums 


New York Wire & Spring Company 
586 Washington Street, New York 











DOEHLER 


BABBITT-LINED BRONZE 
BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 
in the automobile and airplane industries. 


DOEHLER DiE- CASTING Co. 


pee kA 
‘TOLEDO.OHIO. NEWARK. N.J.. 


Aleo Die-Cast Babbitt Bearings, Die-Castings in 
Brass & Bronse Aluminum end White Metal Alloys 











NEW ano USED AIRPLANES ano MOTORS 


Offer, among others, the following Seaplanes and 
Flying Boats 

Curtiss JN4 Seaplane 

Thomas Seaplane 

Standard Seaplane 

Aeromarine Seaplane 

Curtiss Flying Boat 

Thomas Flying Boat 
USAC twin motored 4 passenger flying boat and others 
Aeronautical motors 
Tractor biplanes 30 to 300 HP. 


Send for lists “ AN” State your needs 


Cable Address: USAE, New York 
Long Distance Phone: Cortlandt 449 


“.S. AERO LACHANGE 











Land machines 









378 PARK ROW 
NEW YORA C/TY 








ENGINEERS 


Airdromes—Fields, Equipment, Operation. 
Aircraft—Design, Construction. 
Aerial Transportation. 


United Aircraft Engineering Corporation 
52 Vanderbilt Avenue 
New York 
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“EMAILLITE” 


Five Dollars a Gallon 


The Premier French “Cellulose Acetate” 
Airplane Dope 


Manufactured by the 


AMERICAN EMAILLITE COMPANY 
549 West Washington Street, Chicago, Illinois. 











PHILBRIN 


DUPLEX IGNITION 


—with a second system to 
spur the motor to super-service 


COMBINES twe separate and distinct systems in one—a Single 
— System, — —, of Wan = oe wee 

in powes. cy System 

= delivers: te each A mens > a ead wes ae ee Py nee 

abuermal conditions, 

mae poce: inck pear 

j 100% Assurance agamet 
Easy to install, moderate in price. Descriptive catalogues and 

our special sales proposition on request. 


PHILIPS-BRINTON COMPANY 
501 So. Broad Street Kennett Square, Pa. 























LEARN TO FLY 


in old established school, under an instructor who has 
given instruction to more 


AMERICAN ACES 


than any other instructor. 
Army Training Planes Used. 
We Build Our Machines. 
PRINCETON FLYING CLUB, Princeton, N. J. 


WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 














HARTSHORN STREAMLINE WIRES 
ASSEMBLED WITH HARTSHORN 
UNIVERSAL STRAP ENDS 

MAKE THE IDEAL AEROPLANE TIE RODS 


All streamline wires heat treated in process and produced 
by our carefully developed method of cold reverse rolling, 
will meet the most exacting tests. 


Send for our descriptive circular A-1, describing our wires and terminal fittings 
STEWART HARTSHORN CO. 
250 FIFTH AVENUE, NEW YORK 
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AIRCRAFT WIRE 


STRAND AND CORD. THIMBLES 
AND FERRULES 






JOHN A. ROEBLING’S SONS 
COMPANY 
TRENTON, NEW JERSEY 








CAPITAL = ae 
“crINDER STAMPINGS pies 


E realize im air or at sea there should be so 

feulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you giwe us a trial? 


LANSING STAMPING & TOOL Co. 


LANSING, MICHIGAN 














Ao VERY Liberty Aircraft 
Engine built is equipped 
with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zenith users. 


Zenith Carburetor Co. 


New York DETROIT Chicago 








CLASSIFIED ADVERTISING 


10 Cents a word, minimum charge $2.00, payable in advance, 
Address replies to box numbers, care AVIATION AND AERO- 
NAUTICAL ENGINEERING, 22 East 17th Street, New York. 








FOR SALE—Atwood flying boat, $3,000. For information or 
demonstration write or ‘phone Lawrence-Sperry Aircraft Com- 
pany, Farmingdale, L. I. Telephone, Farmingdale 1333, 


HALL-SCOTT, A-7 MOTOR FOR SALE—100 H, P. Aviation 
Motor. New. Has “ Perfect” starter. Cost $5,000. Ideal 
Motor for flying boat or land machine. Immediate delivery. 
Price $800. Address Box 114. 


Four-cylinder, 65 H. P. Roberts motor: set of 
for $250.00, 


FOR SALE 
wheels, axle, set of planes, wires, turnbuckles, etc., 
red Rohrer, Berne, Indiana. 
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A course in 


EXPERIMENTAL AERONAUTICAL ENGINEERING 


by 








ALEXANDER KLEMIN 


Consulting Aeronautical Engineer 





UTHOR of Aeronautical Engineering and Airplane Design; for- 
merly officer in charge Aeronautical Research Department, Air- 
plane Engineering Department, U. 8. A. Previous to military service, 
a member of the Department of Aeronautics, Massachusetts Institute 
of Technology ; Consulting Engineer United States Aerial Mail Service. 
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This series of articles on Experimental Aeronautical Engineering by Mr. Klemin commenced 


April 1 and will be completed in nine issues. It will be followed by another series, of equal 














importance, on Materials, which Mr. Klemin has arranged for publication in twelve issues. 





Thus, within the next year, Mr. Klemin will discuss with complete authoritative data what he calls 
“that technical branch of aeronautics which involves the systematic testing of an airplane or its 
component parts for the purpose of improvement or innovation, and this from the main view- 
points of structural strength, performance, stability, and controllability. The work, though it 
may be concerned with the very latest developments, is entirely distinct from the purely aero- 
dynamic research of the physicist. It is engineers’ work and should be carried on by engineers, 
even though the physicist may give the scientific foundation or help in devising accurate instru- 
ments. A very complete technique has grown up, and it is the principles and utilization of this 


technique that it is proposed to deal with ” in the article on Experimental Aeronautical Engineering. 





A year’s subscription to AVIATION AND AERONAUTICAL ENGINEER- 
ING will insure the engineer and the student of technical aeronaut- 
ics against the loss of any of Mr. Klemin’s twenty-one articles. 








It is but wisdom not to rely on obtaining back numbers from the publishers nor to trust too 
implicitly to newsstand purchases. A note addressed to AVIATION AND AERONAUTICAL ENGINEER- 
ING at 22 East Seventeenth Street, New York City, will place your name on the regular mailing list. 
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The subscription price? Three dollars a year. 


July 1, 1919 


N 1828, in an Ohio town, a elub of young men 

met to discuss the value and feasibility of steam 
railroads then in an incipient stage. 

They desired the schoolhouse for their debates. That 
the school board considered this an innovation border- 
ing upon sacrilege is indicated by its reply. 

“ You are welcome to the schoolhouse to debate all 
proper questions, but such things as railroads are im- 
possibilities and rank infidelity. If God had designed 
that His intelligent creatures should travel at the 
frightful speed of fifteen miles an hour, by steam, 
He would clearly have foretold it through His holy 
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prophets. It is a device of Satan to lead immortal 


souls down to hell.” 

What would this school board say had they lived 
now—when such “ frightful speeds” as 90 miles per 
hour are attained on the railroads and 160 miles per 
hour by airplanes? 

Such extreme speeds are made possible through the 
use of silent, smooth ball bearings—of that high de- 
gree of efficiency found in Gurney Ball Bearings— 
which eliminate most all friction and stand the acid 


test of severest service. 


Write for Catalog and detailed information 


Gurney Ball Bearing Company 


Conrad Patent Licensee 
Jamestown, N. Y. 
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VER 95% of all 

American air 
pilots were trained on 
Curtiss JN aeroplanes 
equipped with Curtiss 
O-X motors. 
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In Curtiss aeroplanes, 
hydroaeroplanes and 
flying boats, the O-X 
has an unexcelled 








record of service in 
all parts of the world. 


Immediate Deliveries 


CURTISS AEROPLANE & MOTOR CORPORATION; Sales Offices: 52 VANDERBILT Ave., New York 








CURTISS ENGINEERING CORPORATION, Garden City, Long Island THE BURGESS COMPANY, Marblehead, Mass. ; 





Member Manufacturers’ Aircraft Association 





























